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To His Excellency 
FRANK 8. Buack Governor of the State of New York 


p: Sir: The operations of this department during the past year 
_ have been in continuation of the work of previous seasons along 


: ; of the state and b) the perfecting of the geologic map of the state. 
% It seemed important that at the opening of the field season im- 
: y mediate attention should be directed to the mode of occurrence 


of ,this natural product. The striking of rich supplies of gas 
_ in the vicinity of Rome, Syracuse, at Baldwinsville and in Os- 
Wego CO., in addition to constantly increasing operations in 


and storage of natural gas and the possibility of the development 


< the more western and southwestern parts of the state, rendered 


the following lines: a) the exploitation of the economic products 


a it imperative that measures be taken at once to accumulate and 


‘= conserve the important data that these numerous deep wells 
: . were affording. "The work previously undertaken in this direc- 
tion has been incomplete and, though important in having put 
on record the logs of many wells, giving the succession and 
thickness of geologic strata, has been altogether insufficient to 
establish any explanation, or to formulate a law of the mode of 
a Such investigations will not be undertaken by private individ- 
f uals for the reason that, though their results may be of profound 
_ ultimate effect upon the development of the mineral wealth of 
_ the state it may not be possible to convert them at once and 
without delay into dollars and cents. Hence all states of ad- 
vanced ideas, where such accumulations of natural gas, petro- 
a : and other mineral products are known to exist, have made 


4 on storage of natural gas and the method of location of paying wells. 


~ 


as well as in other countries.@ 
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what circumstances such natural supplies can be most advan- 


tageously exploited, and have given substantial reasons for 
such determinations. To carry on such work in this state a smail : 
appropriation was asked of the last legislature and granted by 
it, but was vetoed by the governor on the ground that such 


operations should be conducted by private individuals, which, 


as above remarked, is manifestly impracticable. With full reali- 
zation of this impracticability, the work was inaugurated with sh 


such appropriations as this department had and in order to 
carry it on, a necessary curtailment of expenses has been made 
in other directions. | | 


I have the honor therefore to present herewith the very valu- 


able report on this subject by Prof. Edward Orton, the state 
geologist of Ohio, who has for vears made this a subject of special 
study and is recognized as the foremost authority upon it in this 


To enable Prof. Orton to cover the entire gas field of the state 


in one season he was given the assistance of Prof. Irving P. 


Bishop, of Buffalo, who has taken special charge of the gas and 
oil fields of western and southwestern New York and has sub- 


mitted an interesting and important report upon the result of 


his investigations. 
In my report for 1895, Prof. Charles S. Prosser, of Union col- 


lege, gave the results of his study of the Hamilton and Chemung. 


formations in central New York. This report was but a pre- 
liminary statement of his results and the present report con- 


tains the outcome of his continued study of the distribution of 


the same formations in the more easterly portion of the state. 
This work of Prof. Prosser is of high value as it affords data 
for an entirely new line of division between the formations, which 
has for years been a matter of great obscurity on account of the 
homogeneity of these sediments and the slight variation of the 
characters of the fossils which they contain. 


aln order to secure for Prof. Orton’s important paperamore general circulation than it could 
obtain through the medium of this report, it has been deemed best to issue it separately as a bulletin 
of the state museum. Therefore it does not appear in this report but will be found incorporated 
with the museum report for the current year [1899] and as Museum bulletin 30. 

September, 1899. JOHN M, CLARKE 
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During the past season Professors James F. Kemp, of Colum- 


pia university, C. H. Smyth jr, of Hamilton college, and H. P. 
Cushing, of Adelbert college, Cleveland, O., have continued — 


es their operations in the Adirondack region of crystalline rocks 
’ and the first two gentlemen present herewith reports of their 
work, the former in Essex co. and the latter in the western 


part of the Adirondack region. Prof. Cushing’s results will be 


a incorporated in a future report. 

= Dr Heinrich Ries, of Columbia university, has been employed 
- to make a special study of the limestones of the state with refer- 
ence to their various economic values, and his report is herewith 
submitted. ‘ 
Mr Clifton J. Sarle, of Rochester, was sent into the field for 
the purpose of collecting specimens of fossil sponges to be used 
in the completion of the monograph of the Dictyospongidae, 


- the final part of which was transmitted with my last report. Mr — 


Sarle succeeded in securing alarge amount of material in Steuben 


co. and visited the southern parts of Tioga and Broome counties — 


for rare species of these organisms and from there was de- 
tailed for a short time to trace the outcrops of the upper layers 
of the Niagara formation in the vicinity of Rochester. Thereafter 
he was sent into Clinton co. for the collection of fossils in the 
Chazy and Calciferous limestones, in which work he was engaged 
for about one month. Later in the season he was engaged in the 


_ Chemung rocks near Avoca, in the collection of the crinoids of _ 


that formation, in this case with satisfactory results. 

“This report also contains a paper of much interest which has 
been communicated by Prof. Charles S. Prosser, of Union college 
with Mr R. B. Rowe, one of his special students in geology. It is 
entitled: the Stratigraphic geology of the eastern Helderbergs. 

Very respectfully 


JAMES HALL 
p 1 State geologist and paleontologist 
_ State Hall, Albany, Mar. 24, 1898 
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REPORT 


ON 


TROLEUM AND NATURAL GAS IN 


_ WESTERN NEWYORK 


By Irvine P. Bisnor 


VWeky, respectfully 
Irvine P. BisHop 

i SCOPE OF THE WORK 

i, _ The original purpose of this investigation was to ascertain the 

Ri geology and Stet ubion of natural a along the outcrops of the 


4 


ah The Dadi accumulation of data from localities outside the 
bi _ proposed field, necessitated an enlargement of the scope of in- 
-quiry So as to include all of western New York exclusive of the 
3g southern tier of counties. Later on the work was extended so as 


p to: cover Cattaraugus co. oe to ent the geology and dis- 


Wells in Cayuga county 
Weedsport 


Oe: Only two wells are reported ‘from this co. The first of 
these was bored at Weedsport previous to 1873. The total depth 
_is said to have been from 600 to 800 feet.? No gas of any impor- 
_ tance was found. 
‘gate : Auburn 

Sean the latter part of 1897 a well was sunk at Auburn, N. Y., 
starting on the lower part of the Corniferous limestone. The fol- 
lowing record is furnished by Mr L. B. Cary, driller, and by Mr 
J. W. Stearns, contractor. 


- aSee Report of sup’t N. Y. salt reservation. 1873. 
4 


| Record of a well. Be. 
As Salt water - at 685 feet Struck gas” Sigg te as 
Cased off 645 White Medina sand 


ne Soft ‘shale to 1025 Red Medina sand 


spans ‘Niagara limestone 1025 White Oswego sand 

© Black shale 1100 Black shale; 72598 
Blue shale 1310 Trenton rock 
Clinton limestone 1520. Stopped drilling 


a Red Medina sand 1538 


| gas was found in 1 the ‘a of. the Helo aad the bottom ie h 
Genesee. ze 


\ 


A small streak of sulfureted hy greeny also, occurred i 8 


: Wells in Seneca county 
ees aM See Seneca Falls per 
| a Since 1885, 12 wells have been sunk at Seneca Falls, N. : 
- depths ranging from 1500 to 3560 fect. The following 
_ record of well no. 12 was furnished by Mr W. A. Hoseley. 


Drive pipe to limestone 77.feet Gray shale mixed with — 


Sa, 
aoe et z 


= 4 ee oe Eas 
~ & Roser artes 
a gees, 

PS. fi 3 


_ Top of salt sand at 305 black 

‘Bottom’ of salt sand | 455 Half black shale 

mw top ot big: red shale 485 All black shale 

- Bottom of big red shale 675 Shale and lime mixed 

Cased to- | 513 All shale a: 

pak Stn Niagara 710 Top Trenton 
ae iy _ Top Clinton OSB Black shale , ‘ 
oe _ Top Medina | 1205 Limestone 
Ae Flow of gas, enough to Nearly all black shale’ 
way an light 1254 Crystalline limestone 
Gray Medina (?) 2030 All black shale 
aoe ; ua Red Medina 2140 Limestone with white 
eee AN pray |: 2175 streaks | 
: To bottom 


confined rock pressure of 500 pounds. The best gas was to 
about 500 feet below the top of the Trenton limestone. 


In this respect the well 
behaves like the famous Kelly well at Zoar near Gowanda, N. Y. 
, _ The other wells strike the rie sandstone at ake! 1400 Bey 


ing rock. The specimens of sandstone brought up by the sand- 
_ pump from the gas rock at Seneca Falls, and also at West Bloom- 
_ field and Caledonia, were invariably red and generally extremely 
: hard. The gas horizon in these wells is by no means constant. 


in most cases it lay from 150 to 200 feet below the top of the 
Medina. Small quantities of gas also occurred in the same for- 


| cin ee group the earlier es are now yielding better than 
4, those drilled recently. 

ies ‘The gas from these wells is piped to Seneca Falls where it is 
’ used for heating purposes. The company which distributes it 
vik _ has about 50 meters set and supplies an average of 50,000 cubic 


Wells in Schuyler county 
Watkins 


a Near the sanitarium at Watkins a well was sunk about 20 
years ago to the depth of 1530 feet.* There is no record or even 
tradition that gas was found in any quantity. When the well 
was completed it was plugged at two or three points and aban- - 
doned. A few years ago the upper part of the well was cleaned 


a It is reported that the drill stopped in black shale. 
x. i 
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out and at once filled within 300 feet of the tep with mineral as 
water, which has since been utilized at the sanitarium for baths. | 


In June 1897, just after the slight earthquake shock which was ’ ee 


felt in western New York, the engineer noticed that the odor -. 


lo 
WA, 


of gas was increasing at the mouth of the well. - 
A meter was attached and registered a flow of 3000 cubic feet 


a day. The well was then pumped to 850 feet when the press-_ 


ure rose to 100 pounds and the flow increased to 10,000 cubic ie 
feet a day. In August 1897 the well was supplying fuel for cen 


the pumping engine and for the large range in the sanitarium . 


kitchen. 


Though the increased flow of gas mentioned above may have _ ee 
been caused by seismic disturbance, it is more probable that it . 
was due to diminished water pressure in the well caused by ex- * 


cessive pumping. 
Wells in Ontario county 


Geneva 


At Geneva a well was bored in December 1885 to the depth of ee 


1100 feet. No gas was found, but a copious flow of mineral water — 


now fills the well and supplies the baths of the Sanitarium. No oe 


record of this well has been preserved. 


West Bloomyield - 


The first well in western New York to produce gas in paying 
quantities was sunk, according to Prof. Charles S. Prosser, in 


' 


West Bloomfield township about 1863-64.¢ 

This is reported to have given in a still atmosphere, a 30 foot 
flame from a five inch pipe with an estimated daily production a 
400,000 cubic feet. A line of wooden pump logs was laid from 


the well to Rochester and connected to the gasometer of the local” 
gas company with the intention of supplying both fuel and light- — 


ing. Water and mud entering through loose joints between the 


logs effectually closed the line after a few days and it was aban-— 


doned. Prof. Lattimore, of Rochester, informs me that, while it 
lasted, the gas was used for fuel in at least one of the hotels. 


a See C. E. Ashburner Petroleum and natural gas in New York 1888. p. 42. Also American jour- 
nal science and arts (2) 49: 336-37. 


#5 
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Be find their gas in the lower part of the Marcellus shale. In 1894-— 
_ 95 two deep wells were sunk to the Medina sandstone in the 
2" vicinity of Gates’s mills with the hope of increasing the supply 
Pee of gas from a lower horizon. One of these proved barren; the 
_ __ other gave a flow of about 100,000 cubic feet daily at a depth of 
a 2100 feet. The gage broke at 600 lb., the limit of Bee 
_ go that the full rock pressure was net ascertained. 

Of the shallow wells, one gave at the start 100,000 cubic feet 
of gas a day with a maximum confined rock pressure of 30 
an ‘pounds which later fell to 18 pounds; 10 or 12 wells gave 40,000 
cubic feet or better, and the others 20,000 or less with a pressure 
‘ranging from 30 to 18 pounds. 

The gas is now piped to the villages of North and West Blapae 
field and to Honeoye Falls. 

The Ontario improvement and gas co., limited, owns the plant 
_ and supplies 200 stoves during the year, but not all at one time. 
: - At present the wells furnish barely enough gas to meet the , 
f demands of consumers. In J anuary 1898 a new well was drilled, - 
but failed to increase the supply materially. 

‘The records of nearly all the borings in this field have been 
placed at my disposal by Mr S. Miner Wellman of Friendship, | 
_N. Y. and by Mr Isaac E. Dean, who drilled many of the wells. e 

The following show the characteristic conditions observed 
here. 3 
Record of deep well s. e. corner of lot 54, two miles north of Allen 

| Hill, in West Bloomfield township | 
| Pocket of gas at 481 feet Bottom of Niagara (?) at 1770 feet 


ei ss Hard rock (Corniferous?) 450 First show red rock 1815 
Through hard rock 590 Top of Medina sand- 

_ Onondaga (?) 960 stone (?) 1860 

Salt mixture 1193 First gas 1945 

Clear salt (9 ft) 1218 Gas, main flow 1955 

Cased to _ 1307 Bottom of well 2042 


Small streak of salt 1510 


ates 
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The interrogation marks are my own; the other records are : 
those of the driller. The red rock at 1815 feet is probably the ~ 
oP of the Medina. | , 


Second deep well, near the first p 
Shale gas at 380 and 457 feet Red rock 1800 feet 
Gas producing 30,000 cu. Cased to 1317 
ft a day 490 ' Yop of shell 1840. 
Hard rock gas 805 Gas 1948 


The gas at 805 feet was very abundant in both wells but did 


not last. 
Worthington well, no. 1 


Located on high ground one mile north of Allen Hill. ‘Record 
from Mr I. E. Dean | 


Drive pipe 98 feet Light gas 415 to 480 feet 
First gas 168 Best gas 472 to 484 
Cased to 200 A little gas , 476 
Light gas at: 8335 Black rock (Marcellus) 519 
Light gas (shot) 857 to 367 Bottom of well 525 


Worthington well, no. 2, lot 45 


' Bed rock at 32 feet Water at 170 feet 
Limestone to 36 Chocolate slate 185 
Large vein water 95 Gas 400 to 410 
Cased in chocolate rock to 105 Shells 424 
Dark chocolate slate 124 - . Finished 447 
Slate 140 Shot 400 to 447 feet 


Worthington well, no. 3, lot 46 


Bed rock at 81 feet Cased at 201 feet — 
Chocolate shale 110 Good gas 378 
Cased at 185 and 170 Light gas 418 
Hard shell 190 Bottom of well 453 


H. Arnold well, s. w. cor. lot of the townshp 


Bed rock at 80 feet Gas at 290 feet 
Slate through first Shell 412 
chocolate 156 Shot 430 
Limestone (?) 171 Gas at 800, 812 and 860 
Water 172 Gas increased to 890 


Cased to 183 When the flow was very large.. 


_ nF cee —_— Se 


a 
9 


ey eee 
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This well gave 120,000 cubic feet and was the best shallow 
well in the field. 


Pierpont well, lot 35, south of Allen Hull 
- Drilled April-June 1889 


Bed rock at 6 feet Lighter chocolate shale at 870 feet 


Iron pyrites 107 Light gas 380 
Light colored shale 115 Good show of gas 394 
Chocolate colored shale LG White lime shell 400 
Big vein water 200 Dark chocolate shale 412 
Cased to 205 Water 574 
First gas 209 Shells full of gas 628, 

Lime shells 224 683 and 660 
Lime shells 260 Black (Marcellus) shale 680 
Chocolate shale 318 Limestone (Corniferous) 733 
Gas 828 - Finished 782 


Thompson well, no. 2, lot 54, West Bloomfield 


Bed rock at 53 feet Third gas at 315 feet 
Cased to 71 Finished, top of Cornif- 

First gas 104 erous 414 
Second gas 140 ; 


Lee well, no. 1, one fourth mile north of Gates’s Mill 


First well drilled about 1871. Record from Mr I. E. Dean 


Bed rock at 10 feet Second gas 880 to 365 feet 
Cased 97 Finished at 418 
First gas at 230 


This well was a good producer and did not reach the Cornifer- 


ous limestone. 
Lee well, no. 7 


Drive pipe . 60 feet Second gas 188 


Casing 140 Completed at Corniferous 460 
First gas . at 123 


Well barren. 


Rollins well, no. 2, lot 6, West Bloomfield 
Located on a hillside 


Drift 194 feet Total depth 495 
Small show of gas 415 


Well barren. 
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Rollins well, no. 3 


To rock 27 feet Limestone 420 
First gas 295 to 310 Second shot 455 
First shot at 300 Finished at 475 
/) 
Rollins well, no. 6 
Cased to 99 feet Fourth gas 330 
First gas at 140 Finished, above Cornif- 
Second gas 268 erous 438 
Third gas 300 
Fair. 
McAllister well, no. 2 
Bed rock at 75 feet~ Third gas (shot) 430 
First gas 165 Fourth gas 475 
Second gas 210 Finished at Corniferous 504 
McAllister well, no. 4 
To rock 36 feet Gas 730 to 746 and also 780 
First gas 431 to 441 Salt water 784 
Limestone (Cornifer- Gas, strong at 820 
ous ?) at 455 Gas, increased 835 
Gas at 484, 505, 545 and 576 Fresh water at bottom 
Gocd gas 696 of well 855 
McAllister well, no. 12 
Bed rock at 386 feet Center of shot at 428 
First gas 431 Finished at Corniferous 441 
Well barren. 
Emerson well, no. 5, McAllister farm, Gates’s Mill 
Record from Mr I. E. Dean 
Drift 48 feet Chocolate shale, with a 
First gas at 137 little gas at 415 
Second gas 345 Biack shale 415 to 452 
Gas from 870 to 381 Corniferous limestone at 452 
Black shale at 410 
Case well, no. 2 
Bed rock at 12 feet Corniferous - at 448 
First gas 385 Drilled into limestone + 
Second gas 428 
Third gas 448 To tabiye cviare ie ct eile ie te 452 


feet 


feet 


feet 


feet 


feet 


PETROLEUM AND NATURAL GAS IN WESTERN NEW YORK 19 


Well shot at 385 feet increasing the flow of eas. A second 
shot at 425 feet was unsuccessful. This was one of the best of 
the shallow wells. 


Case well, no. 8, one mile north of Allen Hull 
Record from Mr I. E. Dean 


Bed rock at 77 feet Finished above Cornif- 
Gas and water, 90, 148, erous at 517 feet 
171, 188, 212, 247 and 3383 


Well torpedoed with 15 foot shot between 457 and 475 feet. 
The top shot at 457 feet was unsuccessful. The lower shot pro- 
duced a good flow of gas. 


Johnson well, Richmond township, one mile n. e. of Allen Hill 
Record from Mr I. E. Dean 7 
Bed rock at 28 feet Fourth gas at 512 feet 


Red shale 175 Shells 527 
Cased 228 Fifth gas 532 
First flow (pocket) 229 Shells 537 
Second gas 360 Sixth gas 538 
Best gas 492 


First shot 492-507 feet. 
Second shot 5238-538 feet. 


Morrow well, no. 1 


' Bed rock at 26 feet Shell at 190 feet 
Chocolate rock 430 Gas, good 381 
First gas 130 Gas (shell) 403 
Second gas 146 Gas, good 430 
Slate 180 Bottom of well 468 


Shot at 430 feet. 


Norgate well, lot 51 (Richmond?) near center of township 


Bed rock at 17 feet Slate at 398 feet 
First gas 30 Shell 670 
Black rock 30 Gas 681 
Chocolate rock | 78 Black rock 706 
Shell and more gas al amtrnc: Shell 726 
Light slate 120 Limestone 736 
Chocolate 340 Finished 741 


Cased to 342 Shot 660-675 
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The principal gas horizon of the shallow wells is in the lower 
part of the Marcellus shale, and near the Stafford limestone. 
While in a number of cases gas has been found above the Staf- 
ford horizon, the weight of evidence goes to show that the gas 
originates in the densely bituminous black shales at the base 
of the Marcellus and is held in by the limestone which serves 
either as a cap where it is continuous, or as a reservoir where it 
contains loose joints and fissures. The pocket of gas at 805 feet 
in the deep wells appears to be too deep to lie in the honeycombed 
“ bullhead ” waterlime at the top of the Salina group, and is 
probably a small inconstant horizon. There is nothing in either 
the records or in the drillings preserved to show that the white 
or ‘“‘ quartzose ” Medina sandstone exists here. The gas rock in 
the Medina, as shown by the drillings, is a nearly pure, compact 
red sandstone having the usual characteristics of the Medina of 
western New York. 

_ Vincent 

At Vincent in the town of Bristol a well sunk in 1865 fur- 
‘nished a small amount of gas which apparently came from the 
Marcellus. The borings at Canandaigua, Clifton Springs, Naples 
and elsewhere in Ontario co. have produced no gas of any impor- 
tance. 

From the Canandaigua lake region C. A. Ashburner reports 
petroleum in several wells, one of which is said to have pro- 
duced five barrels a day. This report I have not been able to 
verify. 

Wells in Livingston county 
Avon 

The following record of a well at Avon in the northern part of 
Livinston co. is furnished by the driller, Mr Frank Westcott. 
Top of Corniferous at 170 feet Gas - at 1463 feet 
Top of Niagara 875 Depth of well 1520 
Top of Medina sandstone 1400 

The maximum closed pressure is reported to be 500 lb. The 
daily production was not ascertained. 
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At Caledonia six wells have been drilled by Mr. J. C. Tennent 
and another is now (Jan. 1, 1898) under way. No record of 
these was kept until the Medina sandstone was reached. Mr 
Tennent. has furnished me with the following facts regarding the 
best well. 


Elevation of well mouth Top of Medina sandstone 

16s is 560 feet at 997 feet 
Drive pipe to (Cornifer- First show of gas 1010 

ous limestone) 78 Second show of gas 1069 
Casing to shut off salt Pay gas 1085 

water 472 Through gas sand 1098 
Red shale at 987 Depth of well 1119 


Stopped in red shale. 

Well finished Nov. 12, 1895. 

The confined gas pressure was 400 pounds with a flow of ap- 
proximately 150,000 cubic feet a day. 

The other wells showed no marked difference in the nature or 
thickness of strata except that in three the sandstone was but 75 
feet thick, the lower sand being replaced by red shale. As the 
lower part of the sandstone is the gas horizon, these wells were 
nearly barren. | | 

The other producing wells yielded at the start approximately 
3000 cubic feet a day with an initial pressure of about 175 
pounds. 


The gas from these wells supplies 65 connections in the village 
of Caledonia. Among them are the village water-works and 
several large, establishments using power. 


Batavia 


Record from Prof. Charles 8. Prosser 


Altitude 889’ A. T. 
Depth Thickness 
40’ Drift 
40’ rE, 
60’ Marcellus 
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Depth Thickness 
, Upper Helderberg 
150" Lower Helderberg 
250’ —- 
500’ About 15’ rock salt at 6:0’ 1 Coos 
Salt group 
750’ —— 4 Top of Niagara limestone | 
500° Niagara 
1000’ — Clinton (?) 
100’ Probably mostly Medina 
1100’ —— Medina 
900° Bottom of well in Medina 
2000’ a 


Of the 150’ assigned to the Helderberg formations it is probable 
that, as in other known sections in western New York, 100 feet : 
should be considered Corniferous and the lower 50 feet of water- 
lime should be classed as the upper part of the Onondaga group. 
The Clinton, which Prof. Prosser doubtfully assigns to the 10007 
horizon could hardly have been represented among the samples 
from which the record was compiled. In the Corfu well, which 
agrees in its general features with others in western New York, 
the Niagara limestone is reported to be 250 feet thick with 70 ~ 
feet of shales below. The Clinton limestone is 30 feet thick 
with a thin underlying band of olive shales, the latter averaging 
about five feet. As no sample was taken between 1000’ and 1100’, 
the Clinton was probably overlooked. 


Wells in Genesee county 
Le Roy ‘ 


Mr. J. C. Tennant has drilled a well on the Monroe farm, one 
mile east of the village of Le Roy, Genesee co. The elevation of 
this well above tide is 690 feet. The Medina sandstone was found 
at 1025 feet and proved to be 75 feet thick. A small showing of 
gas was found in the upper part of the sandstone, but was not 
enough to be of any use. The well was completed in red shale at 
1200 feet. | 
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In the original well bored for salt at Le Roy, February 1879, 
a small pocket of gas was found at 450 feet. None of the wells 
since drilled in that vicinity have found any gas worthy of record. 


Corfu 


At Corfu, in Genesee co., five wells have been drilled, four of 
which are nearly in a north and south line at an average distance 
of 1000 feet apart. In two of these the original confined rock 
pressure was 400 pounds, and in another, well no. 4, the gage 
showed 500 pounds pressure after one night. Well no. 5, com- 
pleted during the autumn of 1897, is reported by Mr J. W.Stearns, 
the contractor, to yield 250,000 cubic feet a day. This last well is 
located near the Lehigh railroad tracks at the extreme southerly 
end of the group, and is the best well yet put down. 

The gas is piped through the village of Corfu, and in August 
1897 supplied 108 connections. Water in two wells has caused 
decreased pressure, but there appears to remain a supply ample 
for the needs of the village for years to come. 

The geological conditions occurring here are shown by the fol- 
lowing record furnished by Mr J. W. Stearns. 


Well no. 1, Corfu 


Marcellus shale 30 feet Niagara shales . 10 feet 
Flint (Corniferous) 180 Clinton 30 
Limestone and shale 458 Medina sandstone 110 
Niagara 250 Red shale 20 


Wells in Wyoming county. 
Attica 
The first deep boring in this vicinity was an exploration for 
salt in the later part of the year 1883.9 Not finding salt in pay- 
ing quantities, the well was continued down to 1960 feet, about 
240 feet below the top of the Medina group, without getting any 
show of gas. In September 1897 a well was sunk for Hon. F. C. 
Stevens about 400 feet west of the original boring. The well is 


a See Report N. Y. state geologist. 1898. 
6 See author’s paper in report N. Y. state geologist 1885. 
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located near the edge of a deep preglacial valley now filled with 
drift, the mouth being approximately 990 feet above tide. The 
following record was furnished me by the contractor, J. W. 


Stearns. 
Stevens well, no. 1 f, 
Completed Sep. 14, 1897 

Drift 204 feet Niagara limestone at 1475 feet 
Shale (Genesee (?) and Black slate 1570 

Hamilton) to 550 Clinton 1605 
Corniferous limestone Medina sandstone 1704 

160 ftto 710 Red shale to bottom 

Limestone and _ shale of well> 4 

mixed to 1050 — 
Black and red shale 1250 Total depth“. 2. eee 1708 
First gas at 1658 feet Third gas at 1690 feet 
Second gas 1672 


Mr Stearns reports the original confined rock pressure as 650 
pounds with an estimated (but not measured) capacity of 400,000 
cubic feet a day. The gas from this well is now piped through 
the mains formerly used for illuminating gas and supplies about 
100 connections. At the time of my visit, Jan. 8, 1898 the gage 
registered 220 pounds at 4 p. m., an hour which would represent 
a fair average of use between sunrise and sunset. The superin- 
tendent in charge said that the pressure rose during the night 
to 480 pounds. 

Three other wells have since been sunk, two of which belong 
to Mr Stevens and the third to Mr Benedict. Stevens well no. 
3 on the Flach farm west of the village has, according to Mr 
Stevens a confined rock pressure of 620 pounds. The well has 
not been metered, but is roughly estimated at 200,000 to 250,000 
feet a day. 

It is reported that Stevens well no. 1 passed through about 
seven feet of rock salt. . 

In the numerous borings for salt throughout Livingston and 
Wyoming counties, gas in any quantity has been generally ab- 
sent. Enough gas for two stoves is reported from one of the 
Kerr wells at Rock Glen, Wyoming co., apparently from the Ham- 
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ilton shales. In the well at Dansville, Livingston co. small 
streaks of gas were found at 295 and 508 feet respectively.” In 
both instances the gas was found at too high an elevation to 
have come from the Marcellus shales, and it is therefore quite 
certain that this horizon -is not productive of gas in the counties 
under consideration. As the borings for salt seldom penetrate 
to the top of the Niagara limestone, they are too shallow to reach 
the lower horizon from which gas is generally derived. 


Arcade 
At Arcade, in the southwestern part of Wyoming co. near the 
Cattaraugus co. line, four or five wells have been drilled of which 
no complete record has been kept. In the well located on the 
M. J. Stearns farm and drilled by John Smith of Ormsby Junc- 
tion, Pa. the following conditions.were found. 


Drift 110 feet Gas sand, 14 feet at 730 feet 
Shut off fresh water. at 290 Gas sand, 24 feet . 2200 
Shale to 750_ Salt water 2405 


which filled the well and flowed. 

The gas sand at 730 feet furnished a pocket of gas sufficient to 
run the boilers two days. The well was finally plugged at about 
2250 feet and shot at 2200 feet with 70 quarts of nitro-glycerin, 
giving a fair flow of gas. Two years and four months later it 
gave a measured flow of 1100 feet of gas a day. 

The above record was furnished from memory by a gentleman 
interested in putting down the well, and is probably only ap- 
proximately correct. 

Wells in Erie county 


Very little drilling has been done in this county within the 
two years: which have elapsed since my last report. In the latter 
part of 1897 and in January following, the Buffalo cement co. 
put down two new wells near their works on Main st. One of these 
gave an output of 25,000 cubic feet, and the other not more than 
3000 cubic feet a day. The Buffalo natural gas fuel co. is now 
(February 1897) sinking a well at Ebenezer in the South Buffalo 
field. 


aC.S8. Prosser, Thickness of Devonian and Silurian rocks of western N. Y. p. 74. 


26 NEW YORK STATE MUSEUM 


Two wells were also put down in the Canadian field near Crys- 
tal Beach about a year ago, but did not give a profitable yield. 
No geologic facts of importance have been brought to light by 
any of these borings. , 

At North Collins, about 17 miles southwest of Buea in an 
air-line, a well was put down during the latter part of 1897 to a 
depth of 1800 feet. The mouth of the well is about 100 feet be- 
low the lowest Portage sandstones and approximately 830 feet 
above tide. I was told that samples from every screw of drill- 
ings had been preserved, but access to them was not allowed me. 
Mr H. D. Auerbach, one of the company engaged in ise down 
the well, gave me the following data. 


Shale to  Corniferous Shales to bottom of 
limestone 1028 feet well at 1800 feet 
Limestone to 1240 Salt water at 1800 


I visited the well Nov. 27, 1897 and obtained a sample of the 
drillings at 1800 feet. They were very hard limestone, effer- 
vescing slightly in cold and dissolving rapidly and almost com- 
pletely in hot hydrochloric acid. From its position and charac- 
teristics I was satisfied that the rock at the bottom of the mee 
was the top of the Niagara limestone. 

At the time of my visit the well was furnishing enough gas for 
the boiler. In the following week the well was shot with 80 
quarts of nitro-glycerin at the base of the Corniferous, or more 
probably in the “ builhead ” waterlime at the top of the Salina, 
securing an increased flow of gas, the quantity of which I could 
not ascertain. The well had not been metered Feb. 22, 1898, and 
the estimates obtained from different members of the company 
owning the well varied from 10,000 to 2,000,000 cubic feet a day. 

If the above stratigraphic data are correct, they show that 
the limestones of the Corniferous and Upper Salina are here 
60 feet and the Salina shales at least 150 feet thicker than in the 
northern part of the county. 

Of the well at New Oregon, eight miles east of North Collins, 
no record has been obtained. A well is now in process of drilling 
on the House farm between Springville and Zoar. 
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NORTHERN TIER OF COUNTIES 


The following records collected from various sources show the 
thickness of the strata in the counties bordering on Lake On- 
tario from Cayuga co. westward. With the exception of the 
Clyde well, the borings start upon the Medina outcrop or upon 
the northern edge of the Niagara, and all penetrate the Trenton 
to a greater or less extent. As will be seen, gas occurs very 


sparingly throughout this strip. 


Wells in Wayne county 
Clyde 
Altitude approximately 389’ A. T.4 


Gray, green and blue Medina red shale 24 feet 
marls with gypsum 152 feet Greenish, gray, silice- 

Red marls 156 ous sandstone, the 

Blue and green marls “Gray band ” S 
(Salina ?) on Red shale alternating 

Dark blue limestone, with red sandstone 
upper div. of Niagara 110 forming the red 

Shaly limestone of the Medina 915 
Niagara 225 Oswego gray sandstone 

Approximate top of of Vanuxem 92 
Clinton group 675 Bottom of well at 1792 

Clinton group 83 


Gas was found at 380 feet in the blue Niagara limestone and 
continued to about 500 feet. At 685 feet a pocket of gas was 
developed in the Clinton which was soon exhausted. The gas, when 


lighted, supports a flame three or four feet high. 


Wolcott 
Drilled October 1887 


Altitude approximately 317 ft A. T. 


3 Red shale 
with red 


1 Shaly layers of Niagara 
limestone above aud 


alternating 
siliceous 


Clinton below 214 feet sandstone forming the 7 

2 Oolitic iron ore and red Medina 690 feet 
Shales of Clinton 4 Oswego sandstone of 
group 16 Vanuxem 210 


aC. E. Ashburner. Petroleum and natural gas in New York. 
oC. 8. Prosser, American geologist. Oct. 1890, p. 203. 


1888, p. 36. 
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5 Some blue shale alter- 8 Lower part of Utica 
nating with gray sili- shale 590 feet 
ceous sandstone simi- 9 Compact blue limestone 
lar to the Oswego alternating with shaly 
sandstone 170 feet layers forming top of 

6 Undoubted Hudson riy-- the Trenton 750: 
er blue shale 15 


7 Gray sandstone contain- 
ing gas, followed by 
dark blue shale 3 


Gas was found from 1100 feet on. The largest amount came 
from the sandstone at 1355 feet in the Hudson river group. 

Veins were also found in the Trenton limestone at 2092 and at 
2330 feet, the larger quantity at the greater depth. The well 
gave a metered flow of 5000 cubic feet of gas a day. 


Wells in Monroe county 
Rochester 
Record by Prof. H. L. Fairchild@ 
Altitude 484 feet A. T. 


Drift 22 feet Trenton 954 feet 
Niagara and Clinton 228 Calciferous (?) 137 
Red Medina 1075 Archean 3. 
Oswego or Oneida 83 . Bottom of well at 3100 


Hudson river and Utica 598 
No gas of consequence. 


Brockport 
Record by Prof. C. S. Prosser@ 


Altitude 538’ A. T. 
Depth 
500 Medina red shale 
900 Darker red shale 
950 Very dark red shale 
1000 Gray and bluish chips. ) 


Medina 


About 4 are light gray, 


a. 
ign ous oe 
calcareous Loe a -a's slightly 
| SHO 
1400 Blue shale and sandstone} H™ - @ 


2000 Blue compact Trenton limestone to bottom of well. 


A small flow of gas at 1200 feet. 


a@ Proc. Roch. acad. sci. 2:91. 
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Wells in Niagara county 
Gasport 


The following record is furnished me by Prof. C. S. Prosser 
who obtained the data from Mr C. V. Mesler of Gasport. 


( Loam 8 feet to Skeet 
Shale 6 feet to 14 
i Clinton sandstone (7?) 8 feet to 2 
= Medina sandstone 50 feet to 72 
a ‘ Marl 8 feet to _ 80 
a | Gray belt 24 feet to | 104 
Medina marl or shale of the Medina epoch 716 feet to 8204 
| Argillaceous sandstone 60 feet to 880 

me f Blue alternating with red shale 280 feet to 1160 feet 
S| Gas at 1080 
EE ‘ Blue shaly limestone of the Hudson riv. epoch 340 feet to 1500 
a | Dark, slaty bituminous shale of the Utica epoch 300 feet to 1800 

= (,Trenton limestone 170 feet to 1970 feet 

a d Chazy limestone of Trenton epoch 30 feet to bottom of well 
E | at 2000 
Holly 
Bored 1897-98 
Record by J. W. Stearns, contractor 
Red Medina sandstone Black shale 850 to 1420 feet 


and shales mixed to 600 feet ‘Trentonlimestone 1420 to 2025 
Oswego sandstone 600 to 850 
when drilling was stopped. 


Small flow of gas at 1770 feet Best gas at 1965 feet 
More gas 1827 Big pocket of gas 1975 


Mr Stearns reports a confined rock pressure of about 200 
pounds, and estimates the production at about 100,000 cubic feet 
a day. 

Lockport 

About two years ago a well was sunk on the farm of J. Wright 
McCollum in what is known as the “ lower town.” The mouth of 
the well is at about the horizon of the Clinton limestone. 

At a depth of about 1150 feet a small vein of gas was found 
which gave a confined rock pressure of 87 pounds after 24 hours. 
The well was drilled to the middle of the Trenton limestone with- 


a The upper 187 ft marked ‘salt.’ 
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out finding further gas and was abandoned at 2150 feet. The gas 
was piped to Mr McCollum’s house and now supplies five stove 
and grate connections, and 30 gas burners. The gas is said to 
be of a quality fully equal to the illuminating gas furnished the 
city of Lockport. ; 

Clifford Bros. are now sinking a well for gas near the canal 
opposite the Erie railroad station. It is intended to proceed no 
lower than the white Medina sandstone. 


Record of well no. 2 of the Niagara oil and gas co. 


Located on the Bradshaw farm near Coomer p. o., dist. 13, lot 
36, township of Newfane® 


Drilled Jan. 4, 1892 


Red Medina, dark Hud- Calciferous 1910 to 1980 feet 
son river and Utica Hydromica and dark 
shale to 1200 feet green schists of the 

Trenton 1200 to 1910 Archean 1930 to 1980 

No Potsdam 


The well had a little gas from 1912 to 1918 feet. 
Well was cased to 248 feet and was dry afterward. 


CONCLUSIONS REGARDING NATURAL GAS IN THE DISTRICT STUDIED 


Careful observations extending over Erie co. and eastward as 
far as this investigation has gone, lead me to the following con- 
clusions regarding natural gas: 


1 It originates from the decomposition of organic matter, and 
accumulates in the same or an adjacent overlying stratum which 
acts as a reservoir. 

2 This reservoir-stratum may have an impervious cap which 
prevents the upward movement of the gas: or it may be porous 
like sandstone, or contain wide joints or fissures like limestone. 

3 The capacity of the reservoir depends upon the thickness of 
the stratum; the looseness of cohesion among the grains compos- 
ing the sandstone, or the size of the joints of a limestone; or the 
form of structure which the reservoir takes, as for example an 
anticline or arch. 


a See report of N. Y. state geologist. 1895, p. 386. 
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4 Where the rock dips uniformly in one direction, as it does 
in western New York, the gas has a tendency to escape at the 
northern outcrop. Consequently small quantities of surface 
gas may occur at the reservoir outcrops, and borings near these 
outcrops will find very little gas or gas at low pressure. 

5 In general, deep wells show greater pressure than shallow 
ones; and this is, in many cases at least, independent of hydro- 
static causes. 

6 The gas-horizons in the district under consideration are the 
Trenton limestone, the Medina sandstones, the Clinton, the Nia- 
gara limestone, the waterlime beneath the Corniferous lime- 
stone, and the Marcellus at about the horizon of the Stafford 
limestone. Shallow wells have found an inconsiderable amount 
of gas among, or just below, the Portage sandstones. 

7 South of the Corniferous outcrop, borings extending into and 
through the Trenton have not found paying gas in the latter 
formation. North of the Corniferous outcrop the yield in the 
Trenton has been better, but can not be considered as paying. 
These borings have been so expensive and unsatisfactory that 
further attempts to reach Trenton gas are not recommended. 

8 The Medina sandstone is the best producing rock, and nearly 
all the gas is found within 200 feet of the top of that formation. 
In Erie co. the Quartzose sandstone of Hall, or “* White Medina ” 
as it is generally called, is the main reservoir. It is less than 
150 feet below the top of the Medina and thins rapidly eastward 
from Erie co. ‘ 

9 The presence of gas in the Quartzose sandstone appears to 
depend upon the softness of the rock. If anticlines in the stratuin 
occur, they are too low to be perceived. 

10 The Clinton has furnished paying gas in a few instances. 

1i A small quantity of gas containing sulfureted hydrogen 
is often found in the upper part of the Niagara limestone. This 
does not pay except where used with gas from a lower level. 

12 The honeycombed waterlime beneath the Corniferous often 
contains pockets of gas, and in the case of the Kelly well 
at Zoar has given the best well in Erie co. It is a promising 
‘horizon where wells are started on the Portage outcrop. 
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13 Borings along the Medina outcrop and the northern edge of 
the Niagara have been unprofitable. | 

14 A number of wells drilled along the northern edge a the 
Corniferous outcrop and in one case (at Getzville, N. Y.) on the 
Salina outcrop have yielded a fair amount of gas. 

15 The greater part of the paying wells are located along the 
Marcellus and Hamilton outcrops. 
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OIL AND NATURAL GAS IN CATTARAUGUS CO. 
Historical 

The development of the petroleum industry in Cattaraugus co. 
began near the village of Limestone in 1864. The first well in 
the Tuna valley was drilled by Olmstead on the Crookes farm in 
Pennsylvania, about one half mile south of the state line. The 
discovery of a small amount of oil in this boring stimulated 
exploration, and in the early part of 1864 Dr James Nichols, 
Henry Renner and Daniel Smith sunk a well just north of Lime- 
stone village, to the depth of 570 feet. They found oil, but not 
in paying quantities, because as was afterwards ascertained, they 
did not go deep enough. Soon after, the Hall farm petroleum 
co. of which Job Moses was a prominent member, put down a 
well about three fourths of a mile west of Limestone on the 
opposite side of the valley. Oil was found in the third sand at 
a depth of 1060 feet and yielded for a few hours at the rate of 
200 barrels a day. Owing to an accident, the well was ruined 
by an influx of water before its true value was ascertained. 
Moses immediately purchased 9000 acres in addition to the origi- 
nal tract of 1200 acres, and leased 1000 acres more. 

The further development of the property appears to have lan- 
guished and the operations of Moses were unprofitable. In the 
same year Dr Nichols and others sunk an unsuccessful well on 
the Bailliet farm, north of Limestone. 

The oil excitement of 1875-76 caused a rapid development of 
territory along the Tuna valley. The first productive wells were 
drilled on the farms of Hiram and William Beardsley. These 
found oil in paying quantities and in a few months the valley was 
dotted with derricks. In the fall of 1878 there were more than 
250 wells in Carrollton township alone. 

Explorations northward began in 1876, when the Allegany oil 
co. put down a well on the premises of J. G. and E. M. John- 
son in Allegany township. Oil in paying quantities was obtained, 
and rapid development followed. The discovery of oil in the 
Woodmancy well near Allegany village in 1878-79 opened up a 
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new pool which was still further developed 10 years later. The 
wells here are small producers and appear to mark the northern 
limit of oil territory in the county. | 


Pipe-lines® 9 

In 1873 J. H. Dilks organized the Olean petroleum co., estab- 
lishing headquarters at Olean. The construction of a pipe-line 
to New York was immediately begun, and on Thanksgiving day 
of that year the first oil was pumped through a section of pipe 
144 miles in length. In 1876 this company was succeeded by 
the Empire transportation co. In 1879 the United pipe-line, 
afterwards the National transit co., bought the stock and inter- 
ests of the Empire co. and began the erection of storage tanks. 

At one time there were in the vicinity of Olean 300 tanks hav- 
ing a capacity of 9,000,000 barrels. From Olean as an initial 
station, two six-inch lines now extend to the seaboard through 
which 35,000 barrels of oil can be delivered each day. 


Refining 

In 1877 a refinery of two small stills was erected by Mr East- 
man on the site now occupied by the Acme works. This soon 
passed into the hands of Wing, Wilbor & Co., who added a 500 
barrel still. In the following year the property was purchased by 
the Acme oil co. of Titusville, Pa., which immediately began the 
enlargement of the works. At the close of 1885 the number of 
stills had increased to 25, with boilers, tankage and other acces- 
sories in proportion. In 1894 an additional plant was erected to 
refine the Ohio crude oil. The plant now owns 49 stills and 153 
tanks and refines 5000 barrels of oil a day. 


Explorations for gas and oil 
In the northern half of the county several borings have been 
made for gas and oil, none of which have been commercially prof- 
itable. Inthe greater number of instances either no records have 
been kept; or if kept, are too incomplete and inaccurate to be of 
much value. The well drillers, usually imported from the oil 


EEN INI DS ARTS 
a Information from W. M. Irish, gen. mgr. Acme works, Olean, N. Y. 
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regions of Pennsylvania, have disregarded everything except 
sandstones, in which they had been accustomed to find oil or 
gas, and so valuable stratigraphic information has been lost. 
In a few instances owners of the wells have been disposed to 
withhold information, specially if the well was a “ wildcat” in 
a hitherto unexplored district. This inability to procure accu- 
rate information has left gaps in our knowledge which make 
the task of correlating the strata already recognized in Erie co. 
with those occurring in wells farther south exceedingly difficult. 
The records which follow are believed to be accurate within the 
limits claimed. a 
Gowanda wells 

At Gowanda two wells have been sunk on the Cattaraugus co. 
side of the Cattaraugus creek. The following original record of 
the old Vinton well kept by the driller, Mr J. D. Rickerson, differs 
slightly from the one already published.@ 


Vinton well 


Completed Mar. 23, 1883 


Salt water at 250 feet Top of Corniferous lime- 

Gas and oil 458 stone at 1580 feet 
Oil 904 Water 1580 

Gas 1006 Well finished in water 1700 


Cased to 100 feet. 

This record places the horizon of the Corniferous limestone at 
1580 feet, 290 feet deeper than in the record furnished by Mr 
Vinton. 

In July 1897 a well was put down on the Ross farm two and 
one half miles east of Gowanda near the junction of the two 
branches of Cattaraugus creek. The following record was fur- 
nished by Mr Charles Howland who was on the spot while the 
well was being drilled and who kept careful records of the depths. 


Gas at 246,570,598 and 1193 feet Green oil at 1707 feet 
Corniferous limestone at 1505 More green oil 1765 
Amber oil 1626 Bottom of well 2060 


a See author’s paper, 5th an. report of N. Y. state geologist, 1885. 
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The well was shot at 1626 and 1710 feet producing a heavy oil 
having the color of new cider. At the time of my visit in August 
1897, the well was reported to contain 100 feet of oil resting upon 
900 feet of water. Mr Howland thinks the well would have 
yielded better if shot at 1765 feet. As it has not been pumped, 
the daily yield has not been ascertained. | 

In the Zoar gas field on Cattaraugus creek, six miles south of 
Springville, a well? on the Cattaraugus co. side passed through 


Drift 80 feet Show of oil and gas at 1865 feet 
Top of Corniferous lime- Depth of well 1950 
stone at 1700 


The well has no gas worth piping. 
The Kelly well across the creek in Erie co. found.” 


Corniferous limestone at 1500 feet Amber. oil and = “salt 
Green oil and gas 1725 water at 1760 feet 


The two Gowanda wells and the Zoar wells quoted above are 
the only borings in the northern part of the county where a fair 
showing of oil has been found. The amount thus far discovered 
is, however, insufficient to warrant the belief that oil exists here 
in paying quantities. 

The data furnished by these well records, which are believed to 
be as reliable as can be obtained by the ordinary methods of drill- 
ing and measuring, show the horizon of the top of the Corniferous 
limestone to lie at Gowanda about 1500 feet below the surface. 
The top of the corniferous at Buffalo creek is approximately 573 
feet above tide. The elevation of Gowanda station is 772 feet. 
Assuming the air line distance between these points as 27 miles, 
the average dip of the top of the Corniferous is hee 
48 feet to the mile. 

Wells have also been put down at Snyder’s schoolhouse, lot 50, 
town 5, range 8, and at Smith’s Mills nine miles west of Gowanda. 
No record of these has been preserved beyond the fact that the 
first was about 1000 feet deep. 


a See author’s paper, 16th an. report of state geologist, 1896. 
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The Alder-bottom well 
This well was located on lot 22, range 9, township of Leon 
about six miles west of Cattaraugus village. Mr J. W. Stearns 
-who drilled the well informs me that the drill encountered noth- 
ing but shales till the Corniferous limestone was reached at 2255 
feet. Drilling was stopped in the Niagara shales, as he believes, 


' at a depth of 3000 feet. 


Other borings 


In December 1897 a well was sunk at East Otto by Mr Arthur 
Richardson. The well is reported to have stopped in water at 
2753 feet. No record has been obtained. 

At West Valley on the Buttalo, Rochester and Pittsburg rail- 
road a well was sunk for gas several years ago without success. 
No record has been preserved. 

In the vicinity of Ellicottville four wells have been drilled, all 
of which have proved barren. Three of these are located 
in what is known as the Somerville valley, two miles east of the 
village. Well no. 1 of this group gave, according to Mr Hickey, 
the contractor, the following approximate record. 


First sand, with a little 30 feet of black shale 
gas at about 250 feet with some oil at 1340 feet 
Second sand 725 Sand 1600 
Third sand 1050 13 feet of shells 1790 
Bottom of well 1803 


The well furnished very little gas. 

Well no. 2, one mile east of no. 1, found 35 feet of sand having 
a show of oil at 475 feet. Drilling to 1809 feet disclosed no fur- 
ther oil or gas. 

A fourth well was put down in the latter part of 1897, three 
fourths mile west of the village without finding gas. This well 
was 1651 feet deep. 

Four wells have been drilled in the vicinity of Franklinville, 
one of which was 2500 feet deep. The Simonds well 2400 feet 
in depth gave a small amount of gas, but not enough to be of 
commercial value. Of the Ogilvie well located east of Franklin- 
ville no information was obtainable. All these wells were prac- 
tically barren. 
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In the townships of Conewango and Randolph several borings 
have been made, the records of which are meager and unsatis- 
factory. The well drilled at Conewango in 1865 is reported to 
have been 840 feet deep and “dry.” ‘In the vicinity of Ran- 
dolph five borings are reported. One on the Albert Gasman farm 
in Randolph village is said to have passed through a white peb- 
ble sand containing some oil. Gas from this well was piped to . 
Mr Gasman’s house and supplied it with fuel for two or three 
years. The gas horizon is given as 800 feet. Another well sunk 
for water near the Chamberlain institute failed to reach the 
bottom of the drift at 400 feet. 

Two wells are located at East Randolph and two on the Scud- 
der farm one mile southeast of Randolph. No records of these 
could be obtained. 

Mud creek field 

A group of four wells is located on the county line, partly in 
Chautauqua co. and partly in the southwest part of the town of 
Randolph. One well was drilled 36 years ago, the others in 
1896-97. The following record was furnished by Mr J. E. Hazard 
of Randolph. | | 


Well on Walker farm, s.w. part of Randolph township 


Rock at 30 feet Oil sand 23 feet at 830 feet 

Shale and sand to 170 Gas in shale 400 

A little gas in sand and Sand (40 feet) (Dewdrop?) 490 
shale at 170 Best gas 502 


Gas estimated to be 50,000 feet a day. 

Another well just on the Chautauqua co. side of the line is 
said to furnish 100,000 feet a day. 

Mr John W. Knox reports the rock at Mud creek to dip to the 
east. 

Several borings have been made near Little Valley of which 
no record has been kept. One was located two miles west 
of the village and was barren. The well on the A. B. Chase farm 
was drilled to 1400 feet and is said to have yielded, at one time,’ 
a strong flow of gas. Another well on the Winship farm was 
drilled to the depth of 2000 feet but proved to be entirely barren. 
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Little Valley township 


A boring which at one time gave promise of a remunerative 
supply of gas was located on the farm of Mr John E. Leach about 
one and one half miles northeast of Elkdale station. Samples 
of the drillings were shown me by Mr Leach from which the fol- 
lowing notes were taken: 


Sandstone 130 to 140 feet Blue gray shale 1160 feet 
Sandstone 200 to 240 _ Blue’ gray shale : IZ 
Calecareous sandstone 300 Harder blue gray shale 1290 
Calecareous sandstone 350 Shale 1450 
Argillaceous sandstone 600 Black shale 1488 
Hard argillaceous sand- Biue shale 1530 

stone 620 Black shale 1590 
Pocket of gas in hard Gray sand with some 

argillaceous sandstone 630 oil 1740 
Hard argillaceous sand- Gas which wasdrowned 

stone 850 out by salt water 1980 
Softer argillaceous sand- 

stone 884 


Sufficient gas was obtained from the lower level to furnish 
four stoves for a year. The pocket found at 630 feet gave a large 
flow for 16 hours and then ceased almost entirely. 


Salamanca township 


A well on the Rich farm, lot 18, township of Salamanea is said . 
to have furnished a small flow of gas. No record has been pre- ° 
served. Wells on both sides of the valley below Salamanca have 
proved entirely barren. 

The following record shows the conditions found in this vicin- 
ity. | 

Salamanca centennial well, Oct. 28, 1876 @ 
Record by H. A. Darrow 
Well mouth A. T. 1554 feet 


Conductor 9 feet 
Gray slate and shells 441 to 450 feet Gray slate with 


First s. s. 450 455 Shells 784 to 1120 feet 
Gray slate 455 750 DhIiTd WSS 1120 1138 

? 750 780 Gray slate with 

Second s. s. 780 38784 hard shells TASS elSsZ5 


Cased at 241 feet. A small quantity of gas at 900 feet. Un- 
remunerative. 


a Pa. second geol. survey 14, p. 10], 
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Peth well. Near Great Valley, N. Y.— 
Drilled by O. A. Knox, Bradford, Pa. 
Record from R. EF. Gilman, Great Valley 


Drive pipe 66 feet Gas and 20 ft sand at, 650 feet 
Gray sand, 6 ft at 430 Slate to 1570 
Dark sand, 15 “ 470 Sand, 30 ft with no 

Slate and shells, 40 ft gas at 1570 

A little gas at 570. ; 


Completed at 1650 feet. 

This well furnished a small but permanent flow of gas which 
has not been utilized. ; 

Two wells producing a small quantity of gas are located on the 
land of Mr Ostrander at Killbuck. They are not commercially 
profitable. | : 

The Humphrey field 

During the year 1897 nine wells were put down in the south- 
west part of the town of Humphrey, in four of which some oil 
was found. 

The successful wells are located on lots 50, 51 and 59, and on 
Mar. 1, 1898 were producing altogether about 10 barrels of oil 
a day. At that time a total of 400 barrels had been run into 
the pipe-line. 

Record of well no. 1, Hd. Guthrie farm, on lot 51, Humphrey, be- 
longing to the Union oil and gas co. 


Sunk in May 1897 
Record from B. C. McIntyre 


8 inch drive pipe Top third sand | at 1236 feet 
through gravel and Sand and shells 1286to 1272 
quicksand 85 feet Oil, and gas enough 

12 ft white sand with for boiler at 1272 
a little oil and gas Chocolate (Bradford?) 
at 310 sand 1272 to 1800 

First regular sand, Sand and shale mixed, 

STAY. 2 mit ee tele with 12 ft of black 
with a little oil and Shale full of oil at 
salt water at. b10 the base, to the bot- 
Top second sand 1035 tom of well 1372 


The bed-rock first reached by the drill was a white, flat-pebble 
conglomerate. 


a A test well was bored in Humphrey about the year 1878 by Golden, Fowler & Humphrey. The 
well was 1500 feet deep and barren. 
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Well on the Childs farm, belonging to Union oil and gas co. 
Record from B. C. McIntyre: 
Mouth of well approximately 1500 feet A. T. 


To bed-rock, a soft con- Oil and gas in choco- 
glomerate 15 feet late colored sand 
First gray sand, 20 ft at 580 (Bradford?) .12 ft 
No second sand | thick to 1357 feet 
Top third sand at 1805 Total depth, finishing 
Shells and sand 1805 to 13845 in shale 1403 


Bear Hollow well, belonging to the Orchard park oil and gas co. 
Record from B. C. Mcintyre 
Elevation of mouth of well approximately 1800 feet A. T. 


Bed-rock at 20 feet Bottom of Bradford 
Cased to 220 sand at 1488 feet 
Top of Bradford sand at 1417 Black (McKean?) sand, 

30 ft 1618 


The Bradford sand yielded gas and about a barrel of oil a day. 
Three additional wells were drilled Mar. 1, 1898. 


Well at Ischua 
Record from E. J. Fish by C. E. Banfield 


This well is located three quarters of a mile east of the village 
in the s. e. corner of lot 8, Ischua township. 


First sand containing Light colored shales 
a small amount of with some shells 750 to 1150 feet 
black heavy oil and Black shale from 1150 1725 
a little gas from 140 to 160 feet Coarse red sand with- 
Shells with a little gas at 750 out gas or oil 1765 
Total depth ; 1802 


Well unproductive. 

Hwunsdale 

A well put down about 20 years ago on lot 48 near Hinsdale 
village is reported to have given a small showing of oil. Another 
on lot 12 was entirely dry. Five years later a well was bored 
near the Western New York and Pennsylvania depot which gave 
a large flow of gas for several years but has now ceased to pro- 
duce. This well was 1200 feet deep. Another, one mile south 


% 
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of this, struck a small flow.of gas at-1200 to 1300 feet below the 
surface. 

During the summer of 1896 a well was bored on the edge of 
Hinsdale township near the county line, not far from Cuba. 
Neither gas nor oil was found. 8 

About 32 years ago a well was put down by Mr T. P. Snyder on 
the old Indian reservation near Cuba in Allegany co. Mr Snyder 
reports a small showing of gas and heavy oil at about 370 feet. 
As the well was drilled wet and not properly cased, its possibil- 
ities were never ascertained. Well no. 2 drilled by Mr Keeney 


gave some gas but no oil. 


Southern tier of townships 


All the townships bordering upon the Pennsylvania line have 
furnished small amounts of both gas and petroleum. The terri- 
tory in which these products occur in commercial quantities is 
limited almost entirely to the townships of Carrollton and Al- 
legany, which have produced more than nine tenths of all the oil 
thus far marketed from the whole county. 

A small oil field also occurs in the southern part of Olean town- 
ship and a few productive oil wells have been recently found in 
Red House. . . | 

South Valley township 

Near Onoville two wells have been sunk to the third sand at a 
depth of 1200 or 1500 feet. One of these was barren; the other 
gave gas which, if used, would supply three or four families. A 
third well was in process of drilling in April 1898. 


Red House 


The discovery of gas in the Red House field was first made in 
February 1891, the principal horizon being the second sand. 
The original confined rock pressure in the best wells was 225 
pounds, which had, in August 1897, fallen to 100 or 125 pounds. 
My informant, Mr E. W. Lewis of Bradford, estimated the total 
output of the Red House field at that time to be 30,000,000 cubic 
feet a month. 
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A small portion comes from the Rice Brook field, but the 
greater part is furnished by seven wells in the eastern part of 
the town. One or two wells on lot 44 supply about 210,000 
cubic feet a day additional to the Smith chemical co. of Brad- 
ford. The gas from Red House and Rice Brook also supplies 
the villages of Limestone, State Line, Carrollton and West 
Branch. In addition to 376 stove connections, it furnishes fuel 
for the two large boilers at the Limestone tannery, for the power 
house of the Olean, Rock City and Bradford electric railway at 
Red ‘Rock, for four oil well boilers and for the 24 retorts of the 
Chemical works at West Branch. 

A well with an estimated flow of 9,000,000 feet of gas a day 
was completed in April 1898, in Pennsylvania, just south of lot 
1, in the extreme southeast part of this township. No borings 
have been made in Red House to ascertain whether the pool ex- 
tends into this state. 

Well records 

Information from Mr Miner Wellman, Friendship, N. Y. 

Messrs Doherty, Wellman and Corbin have producing gas wells 
on lots 6, 18, and 14 Red House township. The well on the west 
part of lot 18 had an original rock pressure of 227 pounds and 
a measured volume of 1,000,000 cubic feet a day. 

Another southeast of the middle of lot 14 had an original rock 
pressure of 200 pounds with a measured volume of 9,200,000 
cubic feet a day. <A well on the n.e. corner of lot 13 gave 
a pressure of 190 pounds and a volume of 4,200,000 cubic feet. 
On the south part of lot 6 a well gave a pressure of 145 pounds 
with a volume of 3,500,000 cubic feet a day. The wells on the 
east side of lot 22 are barren. 

The gas horizon here is thought to be the second sand at about 
800 feet below the surface. 


Well no. J, s.e. corner lot 23, Red House township, 200 ft from each 
boundary line 


Record from Devonian oil ¢o. 


Conductor 36 feet Red sand, barren 1195 feet 
Drive pipe 301 No third sand or signs of any 
Rice Brook sand, top 956 Bottom of well at 1308 


Rice Brook sand, bottom 995 
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Record of well no. 1, lot 21, town 1, Red House township, belonging 
to Mrs Mary Fitz, Salamanca, N. Y. 


Authority, Mrs Fitz 


Drive pipe 77 feet Sand and slate at 680 feet 
Cased to 406 Sand and slate with gas to 695 
Salt water at 405 Stray sand with oil at 715 
Salt water to 450 Sand and slate 780 
Sand at 520 Sand and slate 820 
Sand and slate to 570 Sand with much gas 887 
Stray sand at 630 Bottom of well 952 


This well has a rock pressure of 140 pounds and is estimated 
to give 500,000 cubic feet of gas a day. 


Well no. 1 of the Worth oil co. on the OC. S. Aldrich farm, lot 12, 
Red House township 


Drilled April 1897 


Drive pipe 80 feet Bottém third sand,red, 
Casing 523 of pe ib 1068 to 1072 feet 
Top third sand, white, Bottom of well 1072 

14 ft 1054 to 1068 


Well no. 2, same lot, April 1897 


Casing 407 feet Bottom third sand 1119 feet 
Top third sand 1099 Bottom of well 1119 


Well no. 19, Red House township 
Top red sand 1142 feet Bottom red sand 1162 feet 


Well on Joseph Renaldi farm, s.e. cor. lot 45, Red House township 


From Devonian oil co. Bradford, Pa. 


Conductor 16 feet Brown sand at 1095 feet 
Casing 300 Top Bradford sand 1359 
Chipmunk (?) sand at 680 Bottom of Bradford sand 1429 
Top second sand 1049 Bottom of well 1562 


Bottom of second sand 1059 
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Well no. 1, Quaker run oil and gas co. lot 44, Red House township 
Drilled December 1890-February 1891. 


Conductor 32 feet Brown third sand 1224 to 
Casing 311 1279 oo feet 
White gas sand 980-1054 74 Pure soft slate 1279 to 

2509 1230 


Fresh water and fair gas in white (second) sand 


Well no. 2, lot 44, Red House township, April 1891 


Conductor 28 feet Brown or third sand 
Casing 280 1235 to 1298 63 feet 
Top white “gas” sand 1050 (Show of oil in third sand) 
Bottom white “gas” sand Slate and shells 1298 to 
1135 85 1368 70 


Well unproductive. 
Well no. 3, lot 43 


Drilled April-June 1891 


Records from the Devonian oil co. 


Conductor 18 feet Brown (third) sand, some 
Casing 280 gas, 1237 to 1253, sam- 
Slate 18 to 980 962 ple showed oil 16 feet 
Brown sand 980 to 992 nD, Slate 1253 to 1260 7 
White (second) sand 992 Slate and limestone 

to 1050 58 shells 1260 to 1270 10 
White sand and shells _ Slate and limestone 

1050 to 1084 34 shells 1270 to 1280 10 
Slate and limestone shells 

1084 to 1237 153 


At 1246 feet the sand was loose and furnished gas which would 
burn six feet above the top of the casing. The well was commer- 
cially unproductive. 


Well no. 4, lot 44, Red House township 
Drilled July-August 1891 


Conductor 23 feet Shells and slate 1185 to 
Casing 340 1240 55 feet 
Brown sand 980 to 1011 31 Brown and gray sand 
White (second) sand mixed, 1240 to 1255 15 
with gas 1011-1085 74 Slate 1255 to 1285 30 
Slate and shells 1085 to Coarse brown sand 1285 
1125 40 to 1305 20 
Pure slate 1125 to 1185 60 Soft slate 1305 to 1318 13 


Completed at 1318 feet. 
Good flow of gas at 1011 to 1030 feet. 
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Petroleum 


One small oil pool has been developed in this township, located 
on lots 19, 12 and 20. The productive horizon is in the second 
sand which here is found at a depth of 1050 feet. The wells pro- 
duced at the start from 10 to 50 barrels each, and were in May 
1898 yielding an average of five or six barrels. Small quantities 
of oil are also reported from other parts of the township but 
nowhere in paying quantities. 


The Chipmunk field 


This field takes its name from Chipmunk creek along which the 
first paying wells were found. It includes a region, the limits 
of which are not yet clearly defined, extending from the juncture 
of Tuna creek with the Allegany river southeastward and in- 
cluding the east-central part of Carrollton and the west-central 
part of Allegany townships south of the Allegany river. 

The oil occurs in a stray sand or sands, considerably above 
the regular sand of the Bradford and Kane pools. ° 

The first well in this field was a “ wildcat” boring by a Mr 
Simons, on the Homer farm, in 1880. A small amount of oil was 
found at about 600 feet; but as no oil horizon was then known so 
near the surface, it was not thought worthy of attention. The 
well was continued to the third or Bradford sand, and no further 
oil being found, was abandoned. 

In April 1895, Dr J. P. Colegrove of Salamanca, put down a. 
trial well on the Mike Kelley farm. Gas was found at 600 feet, 
and a show of oil, which at the time was considered worthless, at 
615 feet. No oil was found in the third sand. A second. well 
was sunk 100 rods away on the Corts farm with similar results, 
a small quantity of oil being found at about 615 feet and the 
third sand being barren. A third well on the Mary Kelley farm 
showed the same conditions as the earlier borings. 

The fourth well, still farther north, was drilled to the depth of 
1200 feet. Gas and oil having been noticed at 700 feet, the hole 


lord 
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was plugged and shot at that depth. The well started off with 
a flow of 30 barrels a day and continued to flow for a year and 
four months. 

This was the first producing well in the field. Wells 1,2 and 3 
were then plugged and shot in the same sand at about 615 feet 
and all proved to be good producers. Later on a number of wells 
were put down on the Homer farm near the Simons well of 1880, 
and were all productive. 

In May 1896 a well on the King farm found oil in a stray sand 
above the Chipmunk sand. This started off with 100 barrels 
a day and produced 15,000 barrels the first year. 

The first well on the Indian reservation at South Vandalia, was 
sunk on the flat near the village in March 1897. Some oil was 
found in a stray sand at 352 feet, and at 392 feet oil which flowed 
1000 barrels in 24 hours. 

The oil throughout this field appears to be scattered through 
several sands of which the first, at about 615 feet, is the most 
productive. In places it appears to be divided into two distinct 
divisions, sometimes including salt water between. The oil is 
of an amber color and of excellent quality, being readily dis- 
tinguished from the Bradford oil which is greenish. The Chip- 
munk sand is reported to dip south, and the Bradford sand south- 
west. The former is regarded by oil men as a stray sand, and 
is probably distinct from other oil horizons previously found. 

Recent borings go to show that the sand extends much farther 
to the south than was at first supposed, and it may at some future 
time, be correlated with an already known horizon. At present 
the matter is in doubt. 

The following wells are selected as giving a fair section of the 
Chipmunk field in a s.e.—n.w. direction. The records were fur- 
nished by Dr J. P. Colegrove of Salamanca who has been actively 
prominent in developing this field. 
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Wells in Chipmunk field 
Michael Kelley well no. 1, Chipmunk valley, 35 miles south of 
Allegany river 


Cased off at 8538 feet ‘Third (Bradford) sand, 
First gas sand, grayish chocolate colored 

white 600 slate at 1140 feet 
Oil 615 to 655 Kane sand (black) 1420 
Second sand at 790 


Other rocks, shales and thin, blue gray or olive gray sand- 
stones. 


Well on the John King farm, down the creek from the preceding 
Same elevation 


_ Well no. 1 casing 270 feet Shale for 80 feet 
Gas at 570 Second sand 629 
Top oil sand, 24 ft 57D Then same as no. 1. 

Bottom oil sand 599 


Devonian oil co.’s well no. 9, King farm 


Sunk Aug. 26, 1896 


Drive pipe to rock 48 feet Top oil sand — 542 feet 
Casing, fresh water 386 Bottom of oil sand 562 


Stopped in oil sand. 


This well has produced between. 6000, and 7000 barrels of oil. 


King no. 8 (500 ft east of no. 9) 


Drive pipe 180 feet Top oil sand 541 + feet 
Casing 400 Bottom of oil sand 562% 


Did not go to the second division of the first sand. 

This well produced 15,000 barrels the first year. In August ’97, 
when the well was one year and four months old, it was still 
flowing 15 barrels a day. | 


O’Mara well, next well north of King well 


Casing for fresh and Top second layer of 

salt waters - 460 feet first sand 608 feet 
Top oil sand 550 Bottom second layer of 
Bottom oil sand 565 first sand 613 
Shale 565 to 608 


Gave four barrels a day. 
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John McCaffery well, 2 miles further north, near Chipmunk creek, 
by W. N.Y. & P. R. R. station 


Casing (fresh and salt Bottom of sand 525 feet 
water) 441 feet Slate to 550 
Top of sand 498 Oil sand 550 to 575 


Well no. 1, Seneca oil co. on the Indian reservation one-half mile north 
of the creek near the river 


Casing for fresh water 235 feet Bottom of oil sand 443 feet 
Top oil sand 425 


This well flowed 50 barrels at the start and in August 1897 
flowed 12 barrels a day. 


Well no. 10, same company. Further north but not near the rwer 


Drift 300 feet Oil sand at 352 feet 
Casing, for salt and Oil sand, gray _ slate 
fresh water  —_—-- 335 color to 362 


In August 1897 this well was flowing 10 barrels a day. 
Just north another sand is found at 400 feet but it is not 
reached in this well. 
From well no. 1 Kelley to well no 10, there is 121 feet fall in 
the stream. 
Crawford farm, Indian reservation 


Cased off to rock . 287 feet Bottom second sand at 509 feet 
Top oil sand 467 Slate to 1035 
Bottom oil sand 476 Oil sand, gray slate : 
Shale, 19 ft to 495 color 1035 
Second sand 495 Well drilled into it to 1068 


This well was not shot. 
One well in this field, Seneca no. 5, started at 500 barrels. 
From Worth oil co. 
Dougherty well, 76 
Drilled September, 1896 
Located near the Kelley well 


Conductor 23 feet Top of brown sand 771 
Casing 300 First oil 780 
White sand (first show (Third screw good sand) 

of oil) 420 Bottom of well 801 


White sand with a lit- 
tle gas which was NPs ees : 
exhausted in drilling slapd te 
well at 625 feet 


Shot 780 to 788 feet. 


50 NEW YORK STATE MUSEUM 


Dougherty well, 75 
Drilled August 1896 


Conductor 38 feet Gas 763 to 770 feet 
Casing 417 First oil 780 
Top brown sand 763 Bottom of well 794 


Dougherty well, 67 


Drive pipe 55 feet Fifth screw, salt sand, 
Casing 404 to 411 no water 618 to 615 feet 
Top brown sand 093 Sixth screw, good sand, no oil 
First screw, good sand, Seventh screw, good 

dry to 598 sand, no oil 61914 to 624% 
Second screw, same Highth screw, best 

sand 598 to 603 - oil 62414 to 630 
Third screw, better Ninth screw, broken 

sand 603 to 608 sand and slate 630 to 636 
Fourth screw, very lit- Slate * 656 

tle oil 608 to 613 Sand at 656 

Sand to 662 


The Salamanca cooperative co. have two wells at Riverside, 
one of which furnishes 30 barrels a day natural and the other 
about 6 barrels. 

The record of one of these is given below. 


Drift 300 feet To pay sand 200 ft 720 feet 
‘To first chipmunk sand To bottom pay sand 
220 ft 520 (Rice Brook?) 20 740 


There are in the Chipmunk field about 300 wells and active 
drilling is still going on. Dr Colegrove estimates the production 
of this pool for the year ending July 31, 1897 at 600,000 barrels. 


The Rice Brook field 


This term is locally applied to the region west and southwest 
of Irving’s mill, but more particularly to an oil pool located on 
lots 52, 59, 60, 71 and 72 Carrollton township. The following 
sections show the characteristic stratigraphical features. 


a The first well in this field was drilled by North & Dunham on lot 39, in November 1898, and pro- 
duced about 15 barrels aday. The King oil co. found the next producing well on lot 71, west of the 
N. & D., getting an 80-barrel Well. The third well belonged to the Test oil co., on lot 60, and started 


off at 100 barrels. 
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Well on O'Neil farm, lot 71, township of Carrollton 
Drilled January 1897 


Casing 279 feet Slate with salt 
Top Rice Brook sand at 983 water 990 to 995 
Bottom Rice Brook sand 990 


The upper six feet of the sand was mixed with pebbles, the 
rest of the stratum finer and darker colored. Oil came in at 
983 feet, filling the hole 400 feet and giving in addition eight 
bailers of salt water during the first night. At the end of 24 
hours the well had furnished 40 barrels of oil. Three weeks later 
the production had dropped to 8 barrels a day. 


Well, lot 59, same township 


Casing 259. feet . Top of sand (Rice 
Dark sand 40 to 50 ft Brook) 1082 feet 
thick at 875 Drilled to 1090 


The oil sand had four feet of pebbles at the top with an equal 
depth of darker sand without pebbles below. ‘The well filled 
300 feet with oil in two hours, and produced 30 barrels the first 
day without shooting. 


Well no. 1, Worth oil co., lot 60, township Carrollton 


From Devonian oil co. 


Rice Brook sand, top 1039 feet Bottom of well 1045 feet 
Rice Brook sand, bottom 1043 


Well no. 4, same lot 
~ Drilled July 1897 


Casing 260 feet Top salt sand 1052 feet 
Top Rice Brook sand 1043 Bottom of well 1057 


Well no. 1, Rumsey farm, on lot 44, Carrollton township near mouth 
of Rice Brook 
Owned by the Devonian oil co. Sunk May 1896 
_ Record from S. P. Heasley, driller, Tuna Creek, Pa. 


Drift 240 feet Cased to 565 feet 
Cement gravel at 284 A little oil at 580 
Drive pipe 285 Gas, and oil which flowed 800 
Oil and salt water 480 Drilled to 882 


With good sand to 555 
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In June 1897 the well was drilled to 900 feet and flowed with 
an increased amount of oil. | | 

Mr W. M. Kincaid of the Devonian oil co., Bradford, gives 
me a synopsis of a well on the Rumsey tract which appears to 
refer to the same boring. According to this the sand occurred 
as follows: 


First sand at 480 feet Top third sand at 730 feet 
Bottom of first sand DDD Bottom of third sand 740 
Top second sand 570 Shell 811 


Bottom of second sand 580 

Mr Rathbone of the firm of Mallory & Rathbone, Bradford, Pa. 
reports the following results of levelings to ascertain the dip of 
the Chipmunk sand near Irving’s mill: from Chipmunk to Irving 
the dip is west 50 feet to 600 rods. The next 400 rods west shows 
a dip of 41 feet. Northwest from Irving’s mill the dip is 28 feet 
in 275 rods. The total dip southernly measured between the Mc- 
Caffery farm, lot 16, and the North and Dunham well on lot 5% 
Carrollton township was south 119 feet in 1200 rods. 

According to this, the rock dips from Irving in all directions 
but greatest toward the east. | 


Other borings in Carrollton Township 
Well no. 12, Matteson oil co. (on hill) 


Conductor 24 feet Oil 1230 feet. 

Casing 300 Rotten sand 1264 

Chipmunk sand (with Total depth 1297 
gas) 1223 


Mants well, Tony White farm, lot 27, north end, in a valley 


Conductor 42 feet Total depth 620 
Casing 390 Torpedoed with 40 

Second sand 586 quarts at 587 
Oil to 605 

Good sand to 615 feet 


A small oil pool has been developed on lots 11 and 12 Carroll- 
ton. It is owned by the Johnsons of Bradford, Pa. 
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Well top of hill, lot 4 


Salt sand at 1005 1005 feet : 23 to 50 ft 
Chipmunk a 
usually 25 at 1223 
sand 
to 28 ft 


Second sand, 175 feet lower. 
From top of this to top of Bradford sand 485 feet. 


Lot 5, Carrollton township (Flatstone) 
Authority, S. P. Heasley 
Conductor 17 feet Chipmunk sand 660 feet 
‘Casing 426 Total 704 
Matteson well, no. 3, same lot 


Authority, S. P. Heasley 


Conductor 25 feet Oil sand 790 feet 
Casing 585 


Matteson well, no. 9, lot 3, Carrollton township (on hill) 


Conductor 34 feet Sand ; to 1358 feet 
Casing 376 Total 1387 
Chipmunk sand (?) 1334 

A good well. 


Will Beardsley farm. Near center of lot 17, Carrollton township 


Drive pipe 178 feet Good sand to 1080 feet 
Casing 348 Total depth . 1134 
Bradford sand 1068 


Burger well, no. 2, “ Bootleg tract” lot 44, s.e. cor. 


Conductor 57 feet Best sand 685 feet 
Drive pipe 145 Bottom oil sand 685 
Casing 461 Total depth 714 

Oil sand 659 


Burger well, no. 3 


Drive pipe 202 feet Bottom oil sand 652 feet 
Casing 404 Total depth 674 
Oil sand 620 


In a well at about the level of the railroad track at Limestone, 
1410 feet, Chipmunk sand was found at 540 feet, Bradford sand 
300 feet lower. 
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T. B. Crary well on Johnson farm, middle lot 40, Carrollton town- 
ship on the west side of Tuna creek, near Limestone, N. Y. 


Record from S. P. Heasley, Tuna Creek, Pa. 


Soil 27 feet. Bottom third sand hs 1196 feet 
Casing 368 Total depth 1379 
Top third sand 1160 


Kellogg well, next farm, same lot 
Drilled April 1896 


Soil 32 feet Best sand 1273 feet 
Casing 3874 Bottom third sand ; 1280 


Top third sand 1268 Total 1357 
Shot 1268 to 1280: good results. | 
Well on Bald hill near Limestone, eastern side of Tuna Creek 


Elevation of the top of this hill is 2250 feet A. T. Exact eleva- 
tion of mouth of well not ascertained, but about 70 feet lower. 


Casing 3885 feet Bottom of sand 1290 feet 
Third sand - 1250 _ Total 1330 
First oil 1276 


ALLEGANY TOWNSHIP4 


This township has proved exceedingly productive of petroleum. 
The best wells have been obtained in the northerly extension of 
the Bradford field on the head waters of Four Mile run, in the 
vicinity of the Olean Rock city, and southwesterly to the 
Pennsylvania line. 

The Allegany pool situated south and west of Allegany village, 
on both sides of the Allegany river, although giving smaller 
wells, has yielded a large amount of oil and has been on the 
whole, a source of great wealth to the township. 

The wells in this field yield only four or five barrels a day, 
but maintain a very constant flow for a long time. Wells pro- 
ducing as low as two barrels a week are considered paying. 

Recent developments along lower Four Mile creek indicate 
that the Allegany pool is connected with the Bradford field or at 
least only separated form it by one or more “ dry streaks.” 


a Historical. The first well drilled in this field was that of Peck & Freeman on the 
Woodmancy farm in 1878 (?). The well was apparently dry. A second well, which also proved 
barren, was sunk on the Hull or Garr farm, about a mile south of the first, in the latter part of the 
same year or in the spring of the year following. The third well, on the Freeland property, pro- 
duced some oil. 
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The newly discovered Chipmunk field discussed elsewhere, has 
found some of its best wells in this township. At the date of 
writing (May 1898) developments are in progress near the Indian 
reservation which seem to indicate the extension of the Chip- 
munk field northeasterly along the Allegany river. Whether 
this is so, or whether this is an entirely new pool, has not yet 
been satisfactorily determined. The record of wells in the Chip- 
munk field are given in connection with others in the township 
of Carrollton. | , 

Below will be found characteristic sections in the Allegany 
and Four Mile regions. 


Frank Stevens well, near 400 mile post J. C. Erie R. R., 2 miles west 
of Allegany 
Well approximately 3 feet lower than the rail 
Record only approximate 


To rock 110 feet ‘To second sand about 700 feet 
To first sand about 400 . To third sand 1005 


Third sand is about 15 feet thick. 


Mohr well, south of Allegany 


Casing 570 feet First show of oil 1002 feet 
First sand (gas on top, Better show of oil 1008 
salt water at bot- Fair show of oil 1026 
tom) at 500 Black sand 1039 
Second sand and gas 800 Bottom of black sand 1052 
Third sand 995 Depth of well 1099 


H. Gillitts well no. 2, Allegany 


Drive pipe 122 feet Sand 995 feet 
Casing 292 Bottom of sand 1005 
First sand 434 Depth 1061 


The best well sunk here is on the Worthington farm west of 
Allegany. This started at 80 barrels and is now flowing at one 
to one and a half barrels a day. No gas to speak of in this 
territory. 
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J. H. Carl well, Allegany, Oct. 1890 


Top third sand 
Light show of oil 
Smells stronger 
Better 

Poor 


Drive pipe 

Hard water sand 
Casing 

First sand 

Second sand 
Stray sand 


Casing 
First sand 


Slush oil, 12 ft, 


sand and slate 


Gray sand and gas, 6 ft 


1139 feet 
1145 
1151 
1157 
1172 


Cary well, no. 1 


112 feet 


180 to 230 


230 
442 
700 


966 to 1000 


Quirk well, no. 1 


220 feet 


425 to 460 


779 
939 


Light show 1184 feet 
Light show 1190. 
Poor 1196 
Bottom of sand 1226 
Depth of well 1247 
Full of oil at 1000 
Well filled 800 ft with 
oil in 24 hours 

Top third sand 1017 
Bottom third sand 1106 
Bottom of well 1124 

Top third sand 983 feet 
Shell 1030 
Bottom third sand 1055 


Bottom of well 1083 


Well no. 1, Bunnell farm, lot 3, range 4, Allegany township, near the 


mouth of Four Mile creek. 


Record from Franchot Bros. Olean 


Conductor 
Drift to rock 
Casing 


To rock 

Casing 

Salt water 
First sand (gas) 
Second sand 


26 feet 
60 
318 


25 feet 
285 


at 400 


510 
800 


Bunnell well, no. 2 (1890) 


Top third sand 1075 feet 
Bottom third sand 1150 
Bottom of well 1213 
Gas at 1020 feet 
Top third sand 1080 
Bottom third sand 1157 
Bottom of well 1197 


Between 1133 and 1153 feet was a very rich oil sand. The top 
of the third sand for about 15 feet consisted of fine hard sand and 


shells. 
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Wells on Four Mile, Allegany township, near Olean, N. Y. 


Records from Franchot Bros. 


The following wells were accurately measured with a steel 


tape. 


Well no. 2, John Brandel farm, s.w. cor. lot 2, Allegany township 


Drive pipe 
Casing 
Sand 


Conductor 
‘Cased 
Sand 


‘Conductor 
‘Casing 
Gas 


Drilled in 1878 


30 feet Depth 
346 Torpedoed 
1255 


Harbel well, no. 2, lot 2, same township 
Drilled March 1878 


15 feet Bottom of well 
to 204 - Torpedoed 
1291 eg Wied bihul aati 


a! rs oa ha > ~ ! 


Harbel well, no. 1 


24 feet Third sand 
286 Full depth 
at 1315 Torpedoed 


Drilled out and shot again at 1325 to 1355 feet. 


1332 feet 
at 1305 


1365 feet 
at 1311 


1335 feet 
1385 
at 1370 


Well no. 3, John Zaph farm, same lot, Allegany township 


Conductor 
Casing 
Sand at 


_ Casing 
Sand 


Conductor 
Casing 


Conductor 
Casing 
Top sand 


30 feet Total depth 
179 Torpedoed at 
1415 | aro tla 


John Frieze well, lot 1 


Drilled October 1878 


268 feet 
at 1300 


Bottom of well 


Frieze well, no. 4, 1879 


10 feet Bradford sand 
372 Total depth 


Joseph Falkel well, no. 2, lot 1 


36 feet Bottom sand 
292 Total depth 
1420 


1473 
1427-36 


feet 


1420 feet 


1040 feet 
1602 


143914 feet 
1505 
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Wells in this field started off at about 50 to 75 barrels or better, 
one giving as high as 300 barrels. The production usually drops 
to 15 or 20 barrels in from three to six months. | 


Olean 


Borings for oil in this township have discovered but one im- 
portant pool, that known as the Meek’s creek or “ Haymaker ” 
field, located on lots 3 and 4 of section 1, and lots 1 and 2 of 
section 5, in the southern part. This group embraces about 200 
wells from 1150 to 1170 feet deep, getting oil from the Bradford 
sand. | 

The best wells in this pool gave, on the start, as high as 75 
barrels a day, but at present the production has fallen to one 
barrel a day, or less. The greater number which are still pumped 
fall below a daily yield of one half barrel. 

Just southwest of Olean city on lots 8 and 10, is a small pool 
where three wells yield about a barrel each of oil a day. Bor- 
ings in the northeast corner of the township have found the edge 
of the Allegany field, but no producing sands of consequence. A 
number have given a show of oil in the Allegany sand, but not 
sufficient to pay for working. 

About 30 barren wells are reported in the townships east of 
Olean city. Four of these are located on lots 1, 2, 6 and 7 of 
section 4. 

_ A little gas was met in two of these, but not enough to be 
utilized. The well records which follow were accurately kept 
and are believed to be reliable. 


Record of well no. 1, section 6, Olean township. Belonging to the 
Devoman oil co. 


Authority, W. M. Kincaid 


Casing 244 feet Top third sand (shells) at 1890 feet 
Top Chipmunk sand at 850 Bottom of third sand 

Bottom Chipmunk sand 880 (shells) 1451 

Top second sand 990 Bottom of well 1714 


Bottom second sand 1051 
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The first sand had some oil and gas, and a trace of oil also oc- 
curred in the chocolate-colored second sand. From 1007 to 1014 
and at 1032 were streaks of gas, the latter burning as high as the 


walking beam. 


Well no. 1, Downing farm, lot 1, range 1, Olean township 


. Casing 


Gas sand 
Oil 


Gas sand 
Oil 


Casing 
Gas sand 
Oil sand 


Casing 
Gas sand 
Oil sand 


Authority, Franchot Bros., Olean. 


470 feet Bottom of oil sand at 1700 feet 
at 1620 Bottom of well 1749 
1675 
Olean township, Downing no. 3 
at 1420 feet Bottom of oil sand at 1506 feet 
1473 Depth 1530 
Downing no. 17 
300 feet Bottom oil sand at 1281 feet 
at 1213 Depth of well 1326 
1251 
Downing, no. 2 | 
510 feet Bottom of oil sand at 1668 feet 
at 1593 Bottom of well 1691 
1648 Torpedoed 1628 to 1626 


McMullen and Hallock gas well 4 
May 23, 1877 


Located on the Loup farm, section 1, extreme s.w. cor. Olean 


675 to 890 feet 


township 

Well mouth A. T. 1785 feet Gray slate with 
Conductor 16 shells 

Cased to 196 Second sandstone 


Gray shales and slate 
with thin sandstones to 625 
First sandstone 625 to 675 


890 to 960 
(?) with sandstones 960 to 1155 
Sandstone withgas 1155 to 1180 
Slate 1180 to 1187 
(?) 1187 to 1120 - 


Third sand with slight show of oil 1220 to 1240. 


aC. E. Ashburner, Petroleum and natural gas in New York, 1888, p. 34. 
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A month after drilling C. A. Ashburner estimated the flow of 
gas from this well at 24,480,000 cubic feet a day. The life of 
the well was brief. In 1888 the well produced from two to three 
barrels of oil a day. 

The Bradford oil and gas sand was struck at a depth of 1230 
feet, or 1785 feet below the bottom of the Olean Conglomerate.® 


PORTVILLE 


South and east of Hinsdale village and for the most part in — 
Portville township, about 20 borings are reported, in no one of 
~which gas or oil was found in paying quantities. The following 
‘reliable record furnished by Franchot Bros., Olean, shows the geo- 
logical conditions existing in one well. | 


Mitchell well, no. 1, lot 36, range 2, Portville township 


‘Drift 60 feet Sand, 20 ft. thick, 
Fresh water to 272 with gas at 985 feet 
Salt water DAG Top third sand 1060 
Stray (?) white pebble Bottom third sand, gas 

sand * A0ie4ftr thick and show of oil 1085 


with heavy oil at 384 Fourth sand 1214 to 1272 
Regular first sand, 20 Shale and sand to 1513 
ft with gas 743 Limestone shale and 
Regular second sand, sand | 1513 to 15387 
20 ft with gas 930 Mixture of limestone, 
shale and sand 17521%4 


A heavy pocket of gas was found in a sand at 400 to 420 feet. 

In a well on lot 18, s.w. corner of Portville township, accord- 
ing to Mr E. J. Fish, a shell containing some gas was found at . 
about 600 feet. 

At 972 feet a gray sand 38 feet thick was pierced which pro- 
duced about half a barrel of oil a day, and gas enough for a 
dozen families, if it had been utilized. A third sand two feet 
thick with no oil or gas occurred at 1125 feet. 

Two wells have also been sunk by Mr Comstock of Portville, 
one just north and the other just south of the boundary line be- 
tween lots 14 and 15. The well on lot 14 had a small flow of gas 


b Pa. second geol. surv. 14, p. 99. 
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at about 1000 feet and a show of oil at 1500 feet. Both wells. 
were valueless. | 

Mr E. J. Fish reports a well on lot 50, in which a sand 22 feet 
thick, producing half a barrel of oil a day was found at 960. 
feet. The well was continued through black shale to 1110 feet 
and abandoned. 

Wells on lots 10 and 11 have produced small quantities of oil: 
and gas, but not enough to be commercially profitable. Barren. 
wells are also reported on lots 1, 16 and 35. 


Production of petroleum in New York state 


The following summary furnished by Mr John O’Brien, sup’t 
of the National transit co., shows the amount of oil handled by 
the pipe-lines from Jan. 1, 1897 to Aug. 1, 1898. 

Statement of oil produced in New York state from Jan. 1, 1897, 
to Aug. 1, 1898. 


1897 Allegany co. Cattaraugus Co. Total 
2 EES ene 57,004 69 69,437 84 126,972 53 
PEPE iano 0.5, Si5\< ai oye dissseume. ne opis 59,681 89 69,798 11 129,480 00 
WON AA eeetcie os 6) 05,16 16) Sais. apis 0, deine 63,720 97 84,195 88 147,916 85 
2 LET age alee inal eerie late palpi earners 62,955 54 79,127 36 142,082 90 
DEY A eee aka eter saeels a ee Gout atte e's 63,076 51 83,4738 08 146,549 59 
miner AT! . O06 i. 23 RSI aLOn 62,651 55 84,848 56 147,500 11 
PaaS oe Gace sh 5: ofeNS [ol dial a oj iste usa 62,525 21 84,492 05 147,017 26 
RAMUMED ME Marat oc ohalsyase' a icalcpasciisy <yorars ace 61,660 27 82,772 19 144,432 46 
PIM IAIIE Gs ig ciclo: laieveie sie: o/s say atel-e os 55,806 O07 81,088 91 136,944 98. 
Weromer ss! FP. SIE. A 55,451 66 82,948 47 138,400 13 
PIGVEMMIMET spdictels sujs)q. 425 ip, 3/9/53 50,681 01 74,606 60 125,287 61 


(JEDLCT DED Pic pad udoe rome Dee 56,638 72 76,527 56 133,166 28 


712,434 09 953,316 61 1,665,750 70 
1898 


SAMA AIMEE Bo Ach clan dye spars ogneregolod aeyelh. © 54,797 48 70,085 21 124,882 69 
EC EUEATIV. coleic! i alr.ois'0i6) cya s) <a pielsvaie« 50,219 08 61,915 31 112,134 39 
ORO Soe a anand sae eee velace: oe sl s)epe 58,321 58 72,552 60 130,874 18 
ESE IID fe a Satta vw Siete ohh otitis 54,505 69 67,604 97 122,110 66 
ME AGY: PE rsicy cid «. o{3 wi that atalavatd ss boyd SY aielepe « 56,416 80 69,589 91 125,956 71 
Ee Fe ee OE AO 57,260 82 70,097 98 127,358 80 


EL ane See se arm 52,924 12 65,087 19 118,011 31 


384,445 57 476,884 17 861,328 74- 
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In addition to the above, about 5000 barrels not handled by 
the National transit co. are produced every month on the 
Reservation lands in Cattaraugus co. 


= 
/ 


Conclusion 


The limitations of time and appropriation for this investigation 
have prevented the extension of the work to the degree origin- 
ally contemplated. The most important unfinished part is the 
correlation of the oil-producing sands of southern New York 
with the already recognized petroleum horizons in Pennsylvania. 

Aside from the difficulty in obtaining correct records, referred 
to elsewhere, the main obstacle to this correlation lies in the 
absence of one or more well known horizons of reference from 
which measurements can be made. For illustration, there is in 
southern Cattaraugus co., no rock so easily recognized as are the 
Corniferous and Niagara limestones which furnish such reliable 
guides to the well-borer and geologist in northern and central 
New York. | | 

Regarding the conglomerates and coarse sands which have 
served the purpose of reference in this region, there is still much © 
confusion and in some localities at least, their identity is yet in 
question. As a consequence the measurements made from an 
uncertain horizon are in themselves uncertain and unreliable. 
The aneroid has not in my hands proved sufficiently accurate to 
warrant me in deciding that a doubtful outcrop was Olean or | 
Subolean, specially in a region where, as in the case north of 
Bradford, flexures are known to exist. 

It appears to me, therefore, that this work needs for its success- 
ful completion, 1) a careful study of the surface geology of Cat- 
taraugus and Chautauqua counties for the purpose of mapping 
the outcrops of the several conglomerates; and 2) the accurate 
determination, by level, of the altitude of each conglomerate at 
several points. This investigation would require a month or 
more of field work, after which the solution of the problem would 
be comparatively simple. Incidentally light would be thrown 
upon the question of whether the sands are merely local lenti- 
cular deposits or widespread in extent. 
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Map 

The accompanying map shows the present extent of the oil- 
pools of Cattaraugus co. in which the product has been found in 
commercial quantities. In the case of the Chipmunk pool the 
same oil-producing sands will undoubtedly be found, in the 
future, to extend much beyond the southern and eastern limits 
laid down upon the map, and may be found to include a part, at 
least, of the Rice Brook field. It has been my purpose however 
to avoid speculation and to include only such facts as are known 
to date. 

I wish to acknowledge my indebtedness to Mr John Greenwood 
of Limestone, N. Y., whose intimate knowledge of the oil in- 
dustry and of oil territory has been freely placed at my disposal 
while constructing the accompanying map. 

Respectfully submitted 
Irvine P. BisHoP 
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INTRODUCTION 

In the summer of 1895 the formations of the Hamilton and 
Chemung series were studied in the field from the Chenango valley 
region eastward to the southern part of Albany and the northern 
part of Greene counties. The geology of this region from the . 
Chenango valley to the eastern part of Otsego co. is described 
by the writer in the 15th Annual report of the state geologist.c This 
report was accompanied by a geologic map giving the boundaries. 
of the Hamilton formation and of the Sherburne and Ithaca for- 
mations mapped together for Chenango, Otsego, Schoharie and 
Albany counties. : 

During the summer of 1897 field work was resumed in eastern 
New York and the formations of these series were studied and 
mapped from the southern part of Schoharie and Albany counties 


across Greene, Ulster, Sullivan and Orange counties to the. New 


York-Pennsylvania state line along the Delaware river. The 
Chemung formation also was studied from the Susquehanna valley 
eastward across Delaware co. till its rocks merge into the red 
and gray sandstones and shales of the Catskill mountain region ~ 
which are generally called the Catskill formation. 

The present report will begin with the Susquehanna valley 
where part 1 closed, and will describe the formations from that 
valley to the Delaware river. The continuation of the areal dis- 
tribution of the formations represented on the geologic map in 
part 1 is shown on the geologic map accompanying this report. 


SUSQUEHANNA VALLEY SECTION 

The Susquehanna river forms the outlet of Otsego lake near the 
central part of Otsego co., and its course is only slightly west 
of south till the southern line of the county is reached near which > 
it receives Schenevus creek and the Charlotte river from the east. 
Then its direction is southwest across the southern part of Otsego 
co., between Otsego and Delaware counties and across the 
southeastern part of Chenango co., when it turns nearly south- 
erly and crosses the eastern part of Broome co. into Pennsyl- 
yania. The Hamilton and Sherburne formations as exposed along 
the upper course of this river have already been described.? 


a P. 82-222. ; 
618th an. report N. Y. state geologist, p. 198-204 
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Oneonta 


Oneonta is one of tha southern townships of Otsego co., to 


the north of which are the townships of Milford and Laurens, the 
geology of which was described in part 1 of this report; to the 


west is Otego township and on the south are the townships of — 


Franklin and Davenport in Delaware co. The Susquehanna 
river crosses the southern central part of the township from nearly 
east to west and is lined by steep hills on both the northern and 
scuthern sides. The northern line is broken by the Emmons, 


Oneonta and Otego creeks; but the steep line to the south of the - 


Susquehanna and Charlotte rivers is unbroken save by small 


_ brooks. : | 
The Ithaca formation. In the first part of this report the bluish 


shales containing a few fossils which occur along the river road 
about one half mile north of Colliersville in the southern part of 
Milford township were described. These rocks were referred, with 


some hesitation, to the Sherburne formation and probably belong ~ 


near its top. On the high hill to the east of the river and. northeast 
of South Milford are exposures of the Sherburne sandstones.@ 

XXIII A2. The next locality studied was a glen, known as 
Collier’s gulf, less than one mile southwest of Colliersville in the 
southern part of Milford township. From the railroad level to 
the base of the lowest rocks exposed in the brook is about 45 feet, 
succeeding which are 60 feet of shales and thin bluish sandstones 
below the highway. The rocks contain scarcely any fossils and 
are referred to the Sherburne formation. 

XXIII A’. In the glen abovethe highway bridge forsome 40 feet 
the rocks are shales in which Chonetes and Spirifer mucronatus 
(Con.) Bill. are common. These shales contain the lower fauna of 


the Ithaca group as it occurs in the Chenango and Unadilla 
valleys and this zone is referred to the base of that formation. 


The complete fauna is: 


1 Chonetes scitula Hall (c) 
frill Os setigera Hall ) (c) 
3. Spirifer mucronatus (Con.) Bill. (ce) 


ai15th an. rep’t N. Y. state geologist. p. 202 


a 


No. ZEA SECTION 
Ai 


CULLHAS VILLE 


THIN BLUISH SANOSTONE WITH ABUNDANT 
FOSSILS — pereter P77 € SAL PALES , 42 


PAATLY COVERED,A’ 


THIN SAN OSTOW E, AF LT GH 


PROMINENT SAN OSTONWE, A? 
WE AFA TOP OF CASCAQE, FOSSILS ASG 


UNDANT, AF 
ERS 


SHALES AND BLUISH SAN OSTOVES AA 


SHE fP#BURNE 


GovEFE OD .H! 
A. ff, LEVEL 


NORKS, a JSLCI/ON 


LMMN SSA 


5 M/.L£.0F ONEONTA. 


. 


| MassiVE GREE NISH-— GRAY 
COARSE SANOSTONE., 
BASE oF QNEONTA. 


LEOGE NEAR BFAOW OF STEEP 
H/LL SOME WHAT CALCAREOUS, 
ABUNDANT FOSSILS. 


OCCASION AL OUTCROPS OF SHALES 


ITHAGA 
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4 Palaeoneilo emarginata (Con.) Hall (rr) 

5 Leptodesma rogersi Hall (rr) 

6 L. Sp. | Ws (rr) 
Large specimen. ; 

7 Lumuilicardium ornatum Hall (?) (rr) 
Badly broken. 

8 Coleolus tenuicinctum Hall (rr) 


XXIII At. Near the top of the cascade and higher in the glen 
are thin sandstones. In a layer of the shales near the top of the 
highest fall, fossils are more abundant, specially Spirifer mesa- 
costalis Hall (?) which perhaps should be referred to 8. mucro- 
natus (Con.) Bill. var. posterus Hall and Clarke. This species is 
common. The other species found in this zone are Chonetes 
_setigera Hall which is abundant, and Chonetes scitula Hall which . 
is very rare. 

XXIII A>. Above the shales of A‘ near the top of the cascade 
there are from 15 to 20 feet of sandstones whichmake a prominent 
sandstone zone, some of the layers being quite coarse grained 
and fairly thick bedded. In the upper part of the zone Spirifer 
mesastrialis Hall and Actinopteria boydi (Con.) Hall are common; 
while Spirifer mesacostalis Hall (?) and Tropidoleptus carinatus 
(Con.) Hall occur sparingly. 3 

XXIII A*. 10 feet higher the rocks change to thinner sandstones 
and coarse arenaceous shales. A layer in this zone contains 
large numbers of specimens of Spirifer mesacostalis Hall (?) and 
Tropidoleptus carinatus (Con.) Hall. The fauna is as follows: 

1 Spirifer mesacostalis Hall (?) (a) 


Some specimens resemble S. mucronatus (Con.) Bill., but 
most of them agree better with this species. 


2 Spirifer mesastrialis Hall (G) 
3 Tropidoleptus carinatus (Con.) Hall (a) 
4 Chonetes setigera Hall (r) 
5 Microdon (Cypricardella) gregarius Hall (?) (rr) 


Broken and imperfect specimen. 


XXIII A®. For about 35 feet above the conspicuous layer of fos- 
sils in zone A® the rocks are partly covered along the glen and 
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then 15 feet of thin bluish sandstones occur. Some of the layers ee : 
are very fossiliferous and being strongly calcareous form a Sort | te 
of firestone. The number of species is small, Spirifer mesastrialis = | 


Hall being the most abundant forms a large part of the thin ~ te ‘ 
layers of firestone. This zone very strongly resembles some of be see 


the calcareous layers near the middle of the Ithaca formation at 
Ithaca, New York. The top of this zone 225 feet above the level 


of the railroad is at the head of the glen, above which the rocks 


are mostly concealed by the soil and drift. The following species _ Be 


were collected in a few moments: 


1 Spirifer mesastrialis Hall (c} i" 
2 8S. mesacostalis Hall (?) ee 

3 Chonetes setigera Hall | er) See 
4 Tropidoleptus carinatus (Con.) Hall (ery eee 


_ In the search for fossils in the zones of this section but little 
time was spent and more exhaustive collecting would undoubt- 
edly increase the number of species for each zone. It is con- 
sidered, however, that these lists when taken into consideration 


with the stratigraphy of the southern part of Milford township 
show conclusively that at least the upper 80 feet of the section 


belong in the Ithaca formation, while the writer would refer the 


upper 120 feet to that formation and leave the lower 105 feet in — 


the Sherburne formation. 


XXIII B’. Three miles east of Oneonta in the eastern part of 
Oneonta township is the “old Emmons farm ” now owned by M. 
L. Swartz. At this locality is a ‘steep hill and the base of the | 
section is at railroad level about one half mile above Emmons : 
station. .The highway is some 55 feet above the railroad level 
and then for 265 feet the rocks forming the steep part of the hill © 
are largely covered and only an occasional outcrop of shale is 


visible. Then ledges occur forming a conspicuous terrace along 
the side of the hill which seems to be its brow when viewed from 
the highway. One layer is hard and somewhat calcareous con- 
taining some pebbles and plenty of fossils specially Camarotoechia. 
These rocks contain the fauna of the Ithaca formation, as will be 


4 t=: P 
oe  ——— 


Ck Cee ee re Pity ane me et ae 
ihe ee 
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seen from the following list of species obtained as a result of a 
few minutes’ collecting from near the top of the section: 


1 Camarotoechia eximia (Hall) H. & C. (a) 
A O8 stevensi (Hall) H. & C. (c) 
3 Spirifer mesastrialis Hall \ (rr) 
4 Chonetes setigera Hall (r) 
a Of scitula Hall } (rr) 
6 Paracyclas lirata (Con.) Hall | (r) 
1 Palaeoneilo maxima (Con.) Hall (r) 
8 Palaeoneilo cf. muta Hall | (r) 
9 Sphenotus cf. contractus Hall (rr) 
Poorly preserved. 
10 Goniophora sp. (rr) 
11 Leptodesma rogersi Hall (?) (r) 
12 Nucula corbuliformis Hall (?) : (rr) 
13 Tentaculites sp. (c) 


All very poorly preserved. | 

XXIII Bt. 70 feet higher is the base of a massive, greenish gray 
coarse grained sandstone forming heavy ledges. On the surface 
the massive layers tend to separate into thinner ones but at a 
little distance from the surface these are firmly united forming 
massive strata. There are also layers which are conspicuously 
crossbedded. This zone has clearly all the lithologic characters 
of the massive sandstones of the Oneonta formation and repre- 
sents its base on this hill. It will be clearly shown later in this 
report that these sandstones are not found at the same geologic 
horizon from the Chenango valley to Albany co.; but appear 
at a lower horizon as the formation is followed eastward. It is 
probable that the lowest of these heavy greenish gray sandstones 
as exposed at the various localities along the Susquehanna valley 
do not all represent exactly the same geologic horizon, but they 
form an easily recognized dividing line and have been regarded 
as constituting the base of the Oneonta sandstone in this valley. 


In fact it is doubtful if any line can be found between the Ithaca | 


and Oneonta formations that can be followed exactly for a con- 
siderable distance. The lowest red shales and sandstones which 
have been used by some writers for the line of division between 
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the Ithaca and Oneonta formations are no more reliable than the 


massive greenish gray sandstones, for they also appear at lower 


and lower horizons as the Chemung series is followed eastward. 
It is evident, however, that in the vicinity of Oneonta, Vanuxem, 
who named the formation, referred these lowest massive greenish — ag 
oray sandstones to it, for he mentions their crossbedded structure 

and gives as an example the ledges near the top of the hill below oe 
Oneonta,? which is the continuation, down the river, of the zone 


just described. 
XXIII Ct. Along the highway that turns up the valley of the 


- brook to the north of the river road about one and a half miles — 
northeast of Oneonta are exposures of argiliaceous and very thin_ 


sandstones. Some of the shales are greatly iron-stained. Toward 
the top of the hill which is covered by the Oneonta formation the 
rocks are largely hidden by the drift. The shales of Ct along the 
highway are quite fossiliferous and belong in the Ithaca forma- 
tion. The list is:. 


1 Spirifer mesastrialis Hall | (eh 
ALS. mesacostalis Hall (a) 
3 N. mucronatus (Con.) Bill. (r= 
4 Tropidoleptus carinatus (Con.) Beth (rr) 
5 Chonetes scitula Hall (r) 
6 Camarotoechia eximia (Hall) H. & C. (c) 
7 Cyrtina hamiltonensis Hall | (rr) 
8 Leda diversa Hall | (r) 
9 Paracyclas lirata (Con.) Hall (rr) 
10 Nuecula cf. bellistriata (Con.) Hall i (c) 
Small and poorly preserved. 
11 Palaeoneilo cf. muta Hall (rr) 
12 Nuculites cuneiformis Con. (rr) 
13 Modiomorpha cf. subalata (Con.) Hall . (rr) 


var. chemungensis Hall 

This is a more elongated specimen than any figured and in 
this respect agrees with other specimens seen in the 
Ithaca formation in the eastern counties. 


14 Goniophora carinata (Con.) Hall (rr) 
15 Pleurotomaria sulcomarginata Con. (rr) 


a Geology of New York. 1842, pt 3, p. 187. 
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_ XXIII D*.. To the northwest of Oneonta and north of Chestnut | 
st. is a high hill known as Powell’s hill, the summit of which is 
over 500 feet above the level of the Delaware and Hudsonrailroad. 
Below Chestnut st. at the foot of this hill, about three fourths of 
a mile west of the center of the city is a stone quarry known as 
the Anthony White quarry which was formerly worked consider- 
ably for building stone. The base of the quarry is about 10 feet 


above. the railroad and its wall was formerly 16 feet high. The 


rocks containing fossils in abundance consist of bluish sandstones 
alternating with coarse shales. When the writer visited the 
quarry for the first time it had not been culled and a fine collection 
of fossils was secured for Cornell university. Three subsequent 


_ visits have been made which were not as successful as the first. 


This was due in part to lack of active quarrying and further to 
the fact that several geologists had visited the place for the pur- — 


pose of making collections. As far as I am aware the complete 


list of fossils collected at the time of my first visit has never been 
published, but in the summer of 1895 the following species were 
«collected: 


1 Spirifer mesastrialis Hall (r) 
2 SN. mucronatus (Con.) Bill. (c) 
3 Tropidoleptus carinatus (Con.) Hall (c) 
4 Chonetes scitula Hall , (r) 
dC. setigera Hall (a) 
6 C. lepida Hall (?) (r) 
The shape and number of striae agree with this species. 
7 Camarotoechia eximia (Hall) H. & C. (c) 
8 Strophalosia cf. truncata (Hall) Beecher (rr) 
9 Nucula bellistriata (Con.) Hall var. (a) 


The specimens have same shape though smaller than this 
species; but are marked with quite heavy lines of growth. 

This, however, is shown in fig. 7, pl. 46, Paleontology of N. Y., 
vy. 5, pt 1, Lamellibranchiata 2. 


10 Paracyclas lirata (Con.) Hall (he 


11 Palaeoneilo maxima (Con.) Hall (r) 
12 Microdon (Cypricardella) tenuistriatus Hall (r) 


13 Orthonota parvula Hall (rr) 
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14 Orthonota undulata Con. 


15 Tellinopsis subemarginata (Con.) Hall i (rr) ¥ 

16 Modiomorpha mytiloides (Con.) Hall biti | ree : 
pale: Meo concentrica (Con.) Hall Dee aaa 

18 Leptodesma rogersi Hall : RGA 9 i0'.5, 

19 Liopteria dekayi Hall (rr) 

20 Glyptodesma erectum (Con.) Hall (er) 

21 Coleolus tenuicinctum Hall | " (c) 

22 Tentaculites attenuatus Hall (?) (yrs i 
283 Pleurotomaria sulcomarginata Con. | (c) 

24 Microdon (Cypricardella) bellistriata (Con.) Hall e 

25 M. (Cypricardella) gregarius Hail 

26 Grammysia magna Hall 

27 G. nodocostata Hall 


28 Cimitaria recurva (Con.) Hall (?) 

29 Gomophora carinata (Con.) Hall 

- 30 Homalonotus dekayi (Green) Emm. 

31 Nuculites triqueter Con. | 

32 Rhodea pinnata Dn. (?): 

The majority of the 32 species in the above list occur in the 
Hamilton formation, but the presence of Spirifer mesastriahs 
Hall and a few other species shows that this fauna belongs in the 


Ithaca formation of eastern New York. The geological range of 


20 of these species was discussed by the writer a few years ago® 
and it hardly seems necessary to go over that argument again. 


The rocks of this zone with some of their fossils were briefly — 


described by Conrad in 1841, who proposed the name Oneonta: 


group for the formation.° In his report Conrad named and de- 
scribed the following species: Nuculites cuneiformis, N. maxima 
(now Palaeoneilo maxima (Con.) Hall), and Cypricardites carinata 
(now Goniophora carinata (Con.) Hall), from this formation at 
Oneonta. This name was proposed two years later than that of 


the Ithaca group by Prof. Hall and apparently was not con- : 
sidered in the final reports of the New York survey. Vanuxem- 


a Am. jour. science, 18938, 46: 227. 
b 5th an, rep’t paleontology of N. Y. (Assembly doc. no. 150, 1841) p. 31. 


> 
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referred to the formation in several places in his final report, but 


without mentioning Conrad’s name, and in describing this hill 
referred the rocks at its base, correctly, to the Ithaca group. He 
states that the rocks of the Catskill group or Oneonta sandstones 
of Vanuxem “occupy the highest part of the face of the hill, 
the base of which is composed of rocks which I [Vanuxem] have 
supposed to belong to the Ithaca group.”* Again, the term 
Oneonta as the name for a geological formation was already in 
use, for Vanuxem in 1840 proposed the name “ Montrose sandstone 
or sandstone of Oneonta’® for the massive gray and red sand- 
‘stones and shales that cover the high ground in the vicinity of 
Oneonta. Later studies have proved that the rocks in the 
vicinity of Montrose, Pa., belong in a later formation—the Cats- 
kill—than the higher sandstones about Oneonta, consequently 
the name Oneonta sandstone has been retained for this forma- 


tion. Some years ago the writer called attention to this double. 


use of Oneonta for a formation name and explained their differ- 
ence in stratigraphic position’. 

XXIII Dt. A‘tbove Chestnut st. and about 29 feet above the 
top of the White quarry are fine, blue argillaceous shales which 
weather to a greenish color and break into very fine pieces. About 


11 feet of these shales were formerly exposed but recent building 
has greatly obscured the outcrop. These shales are somewhat 


fossiliferous although but few species were ever collected in this 


zone. The list is as follows: 


1 Tropidoleptus carmatus (Con.) Hall (rr) 
2 Spirifer mesastrialis Hall (c) 
3 Camarotoechia eximia ee H. & C. (r) 
4 Strophalosia sp. (rr) 
5 Chonetes sp. (rr) 
6 Nucula bellistriata (Con.) Hall var. (c) | 
7 Paracyclas lirata (Con.) Hall (rr) 
8 Crinoid segments (rr) 


a Geology of New York. 1812. pt 3, p. 192. 
64th an. rep’t third district (assembly document no. 50, 1840) p. 381. 
c Proc. American ass’n adv. science, 1887. 36: 210. 
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XXIII D®. After about 34 feet of covered rocks an artificial ex- ake 
posure of greenish argillaceous shales was shown in an excaya-_ 


» 


tion for a cellar. These shales are fossiliferous, ‘the following are 


species having been obtained: ia BRO eae 
1 Rhynchonella sp. | ACE . 
2 Paracyclas lirata (Con.) Hall g(r hades 
3 Nuculites cunetformis Con. (rr) = f x 
4 Palaeoneilo maxima (Con.) Hall Meee a 
5 Grammysia sp. (rr) 
6 Tentaculites sp. (rr). 
7 Coleolus sp. (rrp 


XXIII D’. For 99 feet above the greenish shales of D® the rocks oh 


are mainly covered; but there are loose, angular slabs of arenace- 


ous Shales to thin sandstones on the surface that apparently came ~ 
from this part of the hill. These pieces are somewhat fossilifer- 


ous, furnishing the following list: 


1 Spirifer mesastrialis Hall (rr) 
2 Camarotoechia eximia (Hall) H. & C. 7 (r) 
3 Paracyclas lirata (Con.) Hall | (rr) 
4 Palaeoneilo maxima (Con.) Hall (?) (rr) 
5 Nuculites oblongatus Con. (?) | (ery 
6 Orthoceras sp. (rr) 
7 Tentaculites sp. (rr) 
8 Crinoid stems (r) 


XXIII D’. At an elevation 199 feet above the railroad is an ex: 
posure of 10 feet of rocks. At the base of the ledge is a sand- 


stone which splits into thin layers and contains an occasional 
fossil, as Camarotoechia eximia (Hall) H. & C. (?) and a large lamel- 


libranch shell. Succeeding the thin sandstones are quite argilla- 
ceous shales which are also fossiliferous and, above the shales, 
sandstones more massive than those at the bottom of the ledge. 


In addition to those mentioned above, the ledge furnished the 


following species: 


1 Tropidoleptus carinatus (Con.) Hall _ (tr) 
2 Spirifer sp. (r) 
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3 Nuculites oblongatus Con. (rr) 
4 Palaconeilo sp. | (rr) 
5 Tentaculites sp. (rr) 
6 A small Gastropod | (rs) 


XXIII D?®. The slope of the hill is then covered for about 189 
feet and overgrown with underbrush when the base of the con- 
spicuous rocks known as the “Oneonta ledge” is reached at 398 feet 
above the railroad. This is an interrupted and broken ledge vary- 
ing in thickness from 10 to 30 feet or more, composed of coarse 
grained greenish gray sandstone that forms massive layers. Suc- 
ceeding this is a covered slope of 64 feet when a smaller ledge— 
D¥” of the section—is reached at an elevation of 492 feet above the 


railroad. At the base is a stratum of coarse gray sandstone 


} 


capped by red sandstone. The summit of the hill is somewhat 
higher but there are no further outcrops of rocks. The rocks com- 
posing zones D!° and D® are typical exposures of the Oneonta 
formation. The base of the formation is undoubtedly considerably 
lower and concealed by the deposit of drift, for on the Emmons 
farm about four miles east of Powell hill the base of the Oneonta 
sandstone is 390 feet above the railroad level and on the south 
side of the Susquehanna river opposite Oneonta it is about 265 
feet above the level of the Oneonta railroad station. 
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SECTION OF POWELL HILL WEST OF ONEONTA 


64’ 


30’ 


10’ 


907 


16’ 


10’ 


XXIII D 
D*? Red sandstone near top of hill 


\ 


D1? Covered | 


D"* Heavy ledge of greenish gray sandstone “The 
rocks” Oneonta 


D*® Covered 


D*® Bluish sandstone and shales 
Ithaca 


D" Mostly covered. Loose specimens with fossils 


Dé Creenieh shales with fossils 


D® Covered 


D* Fine blue shales weathering greenish 


D2 Covered 
Chestnut street 


D? White quarry. Blue sandstone and shale 
Ithaca 


D? Covered 
R. R. level 


t 
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In estimating the thickness of the rocks in the above section 
I am indebted to Prof. Henry S. Williams who has kindly loaned 
me notes made by me some years ago when at work on the U. S. 
geological survey under his direction. ‘These readings have been 
compared with those taken during the progress of the field work 
upon which this report is based, which on account of storms were 
not as satisfactory as desired. The same acknowledgment should 
be made in reference to the sections described later, north of 
Otego and Sidney. 

The red and gray sandstones forming the ‘ Oneonta ledge ” near 
the top of Powell hill, northwest of Oneonta, are important in 
_ the history of the nomenclature of the New York formations, since 
they are probably the typical outcrop to which-Vanuxem in 1840 
applied the name “sandstone of Oneonta” describing the forma. 
tion as consisting “of many veins of gray sandstone, and some- 
times of red sandstone; when weathered it exhibits a peculiar 
structure, to all appearance owing to the manner in which it was 
deposited from water; in this rock we often find the remains of 
terrestrial plants, and sometimes they are thrown together in such 
numbers as to form a thin mass of coal, extending for a few feet, 
but only an inch or more in thickness; this rock is found in Otsego, 
Chenango and Broome counties.” While in his final report in 
describing the localities where the crossbedded structure of the 
Catskill group® is shown in the most marked manner he cites 
“the hillside, near the top, below Oneonta.”¢ ‘As already stated 
‘and shown on the section, the writer refers the fossiliferous rocks. 
in the lower part of Powell hill, at least to the top of D8, 209 feet 
above the railroad, to the Ithaca formation. Many different 
cpinions have been expressed in reference to the correlation of 
these fossiliferous deposits and it may be of interest to recall some 

ef the more important ones. 


a 4th an. rep’t third district (assembly document no. 50, 1840) p. 381. 
b As already explained in his final report Vanuxem referred the Oneonta sandstone 


to the Catskill formation; a classification that is now abandoned. 
eGeology of New York. 1842. pt 3, p. 187. 
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In 1841 Conrad named them the Oneonta group,’ while in the | = 


following year Vanuxem referred them correctly to the Ithaca 


group.2 In 1885 Prof. Hall published the following classification 
for the. Devonian system of Otsego, Delaware and Chenango — 


counties:. e. 


‘Catskill group 
Chemung group 

Portage group ; 

Hamilton (upper) : 

Hamilton group ‘ 


Oneonta 


, 
Corniferous limestone 
Oriskany sandstone.”¢ 


The author states that the Oneonta sandstone “comes in at 
about the close of the Hamilton period, or more properly may be 
regarded as the result of changes which terminated the conditions 
of the Hamilton group.”? In the list of localities following the 
description of species, Goniophora carimata (Con.) Hall from 
-Oneonta,é Nuculites cuneiformis Con., at Oneonta,’ and Phthoma 
nodicostata Hall hear Oneonta9 are referred to the Hamilton 
group. , : 

In 1886 Prof. H. S. Williams showed. that the fossiliferous rocks 
at Oneonta belong stratigraphically. above the horizon of the 
Genesee shale and he called them the Paracyclas lirata stage. 

Prosser in 1887 showed that between the fossiliferous rocks of 
Oneonta and the top of the Hamilton formation are the Sherburne 
flagstones of Vanuxem.' | : 


a 5th an. rep’t paleontology of N. Y. (assembly doc. no. 150, 1841) p. 31. 
b Geology of New York. 1842. pt 3, p. 192. 

c Geol. surv., N. Y. Paleontology, 5, pt 1, Lamellibranchiata 2:518. 

d Ibid, p. 517. 

e Ibid, p. 302. 

F Ibid, p. 326. 

g Ibid, p. 474. 


h Proc. American ass’n adv. science, 34: 225, 233 and see §10 of the chart of Meridional sections of ’ 


the Upper Devonian deposits of New York, Pennsylvania and Ohio. 
i Proc. American ass’n adv. science, 34: 210. ; . 
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_ Darton in 1893 referred them to the Hamilton stating “The 
basal beds [of the Oneonta] are gray flags which merge into the 
Hamilton.’ : tae 
- And again that ‘The Chemung rocks to which Mather and 
others refer, lie below the Oneonta beds or about 1000 feet below 
the actual base of the Chemung horizon, and are Hamilton in 
position. Their fauna is meager and consists of species supposed 
by Vanuxem to be ‘Chemung’ [Ithaca] in central New York, 
but now known to be Hamilton.’ 
‘The same year, 1893, Prosser published a paper describing sev- 
eral characteristic sections of the upper Hamilton, Sherburne, and 
- Ithaca formations in eastern New York accompanied by lists of 
_ fossils. One of these localities was the Anthony White quarry 
west of Oneonta from which a list of 20 species with their geologic 
range was given.© The paper concluded as follows:. “It seems 
clear to the writer that the above lists of fossils with the state- 
ment of their stratigraphic position show that the fossiliferous © 
zone underlying the Oneonta sandstone in Chenango and Otsego 
counties is not the top of the Hamilton but belongs in the Portage 
stage.”? By the use of the word stage in the preceding sentence the 
writer intended to convey the idea that in his opinion this fossil- 
iferous zone was synchronous with some part of the formation 
which on the Genesee river is called the Portage; or along the 
meridian of Cayuga lake is called the Lower Portage, Ithaca and 
Upper Portage but did not say with which part of that formation 
it was to be correlated. : 3 

On the Geologic map of New York, 1894, the rocks along the 
Susquehanna river valley above, and for some distance below 
Oneonta are referred to the upper part of the Hamilton for- 
mation. 

XXIII F*. East of the Powell hill section, flowing from the © 
north through the central part of Oneonta is a stream known as 


a Am. jour. science, 3d ser., March, 1893, 45: 206. 

b Ibid, p. 207. Also see Sec. B of fig. 2 on p. 205. where the Oneonta sandstone is represented 
diagrammatically as resting on the Hamilton formation at Oneonta. 

ce Ibid, Sep., 46: 226-29. 

d Ibid, p. 230. 
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Silver creek. About 200 feet above the railroad level, along this. 
stream is an exposure of bluish shale that breaks upon weather- ; : 
ing into small, irregular pieces. These shales and those someway xs 


higher along the bank of the old “race way” are quite fossilif- 
erous. The following species were collected: 


1 Spirifer mesastrialis Hall | (cr) 
2 8. mucronatus (Con.) Bill. | mete (rr) 
3 Chonetces scitula Hall ee (a) a 
4 Camarotoechia stevensi (Hall) H. & C. ae (ry 
5 Camarotoechia eximia (Hall) H. & C. Ee ae a 
6 Paraeyclas lirata (Con.) Hall | — «@) e re 
7 Micredon (Oypricardella) bellistriatus een) Hall = AER) < Ai 
Ithaca form. PAN te aa 
8 Nuculites oblongatus Con. | Gao ee 
9 Nucula bellistriata (Con.) Hall var. (rr) 
10 Palaeoneilo maxima (Con.) Hall , (rr) 
11 Leptodesma sp. : : . (r) 
12 Pleurotomaria sp. | ee (r) 
13 Bellerophon sp. | Se (rr) 
14 Tentaculites sp. Sere 
15 Crinoid segments (a) 
16 Strophalosia Sp. (rr) 
17 Tellinopsis subemarginata (Con.) Hall - . (rr) : 
18 Goniophora carinata (Con.) Hall i (rr) ; 
19 Coleolus sp. : (rr) | 
20 Hyolithes sp. : _ (rr) 


XXIII F°. Farther up the creek is a calcareous stratum two feet i 
or more in thickness, merging into a sandstone below and a shale — 


above. The calcareous part is very hard when freshly exposed 


but on weathering becomes brown and friable. The shale is — 


very fossiliferous though the specimens are badly broken and 
the number of species is small. 


XXIII F*. From the limestone to the upper exposures, sand- 
stones and shales alternate with lithologic characters similar to 
those in F*. The combined thickness of the exposed rocks, F?, F° 
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and F! is 50 feet. The fossiliferous layers extend nearly to the 
highest exposures which are 200 feet or more above the White 
quarry. The following species were collected in this upper 
zone: 


1 Chonetes scitula Hall (r) 


2 Camarotoechia sp. 3 (rr) 
vs Spirifer sp. (rr) 
4 Palaeoneilo maxima (Con.) Hall (rr)? 
5 Nucula bellis'riata (Con.) Hall var. (rr) 
6 (2) Tellinopsis subemarginata (Con.) Hall . (rr) 
7 Coleolus Sp. (rr) 


XXIII X*. On the south side of the Susquehanna river, nearly 
opposite Oneonta, along the Delhi road and a small brook are ex- 
posures of the upper part of the Ithaca formation capped by the 
Oneonta sandstone. At an elevation of about 170 feet above the 
railroad level on the banks of the small stream are bluish shales 
alternating with thin sandstones. Some of the layers are 
slightly calcareous and contain some fossils, though the number 
of species is small as will be seen by the following list: 


1 Spirifer mesastrialis Hall (c) 

2 8. mucronatus (Con.) Bill. (ek 

& Gomophora hamiltonensis (Hall) Miller (?) (rr) 
Poorly preserved. 

4 Edmondia cf. subovata Hall | (r) 


These specimens resemble fig. 21, pl. 64, Paleontology of New 
York, v.5, pt 1, Lamellibranchiata 2, which came from 


the Ithaca group at Ithaca and was referred with doubt 
to this species. | 


5 Homalonotus dekayi (Green) Emm. (rr) 


These rocks belong in the upper part of the Ithaca formation, 
which extends somewhat higher. For 80 feet above X? the rocks 
are mostly covered, when a coarse grained, greenish gray sand- 
stone outcrops by the side of the highway, and in the field to the 
southwest is a small quarry. This stratum—X‘4—is 250 feet by 
the barometer above the railroad level and in its lithologic and 
structural characters closely resembles the Oneonta sandstone, 


: and is ee as. fone the eee. Set ae ‘fort 
ee steep hill along the southern ade of the signe 
ae Oneonta. 


Ege 
. 


fh . ae eis 
feet by the barometer above the railroad level. : 
Me dip at this locality of 24° S, 10° W. The section may b epr 
sented diagrammatically as follows:  ° — én 
SECTION SOUTH OF ONEONTA 


xs Red shale Oneonta formation 


62’ | X® Greenish gray ss. with some shale 


stone 
ee se 1) B07 | x8 Mostly covered ee 
ees , Probably lthaca apehate 
nog Ne 170/ wie Ee Xx? Bluieh shales with fossils ee a 


ata: ene Ithaca formation 


4 


ue | | 170’ | X1 Largely covered 


0’ |__| R. BR. _ level Oneonta station 


$ About one and one third miles west of the Delhi road the s 
hill is crossed’ by the Franklin turnpike. Red sandstones 
ee shales were first noticed along this road 245 feet below its sun 
_ mit, while at 180 feet below the summit is an exposure of 15 fee 2 
of red shale which has colored the road a bright red and has been | 
quarried to some extent and used for red paint. The reds a a 
a grays alternate from this horizon to the summit of the road. 2 
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“West Oneonta. XXIII E!. The western part of Oneonta town- 


ae ship is crossed by the Otego creek and one of its western branches 


_is Perry brook which flows through the small village of West 
Oneonta. About one fourth mile above West Oneonta is an old 


| mill and along the banks of the creek below and above the mill 
are very fossiliferous, bluish, argillaceous shales. Loose in the 
brook are large slabs of sandstone containing numerous large 
and nicely preserved specimens of Spirifer mesastrialis Hall. The 

rocks along the creek show a decided dip to the southwest. The 


"base of these shales is about 105 feet higher than the bridge over 


_ the Otezo creek at West Oneonta, approximately 1380 feet above 
the base of the Powell hill section at Oneonta, and three miles 
northwest: of the base of that section. The fauna is: 


1 Spirifer mesastrialis Hall — (c) 
2 ges. - mucronatus (Con.) Bill. 3 (rr) 
are 38. mesacostalis Hall (2) (rr) 
yee = Camarotoechia eximia (Hall) H. & C. (Gc) 
ea 5-0: stevensi (Hall) H. & C. (ec) 
G Chonetes scitula Hall | . ee eee 
TC. setigera Hall | aC) 
8 Orbiculoidea neglecta (Hall) H. & C. (?) (27) - 
9 Paracyclas lirata (Con.) Hall ~ ee (a) 
10 Prothyris lanceolata Hall (rr) 
11 Microdon (Cypricardella) tenuistriatus Hall ; (rr) 
12 Palaeoneilo maxima (Con.) Hall | (rr) 
13 Modiomorpha subalata (Con.) Hall 7 (r) 


var. chemungensis Hall 
The large and elongate form found in the east. 
14 Modiomorpha cf. mytiloides (Con.) Hall (rr) 
This is a small specimen resembling in some respects WM. 
alta (Con.) Hall as fuily as the above species. 
15 Grammysia elliptica Hall (rr) 
416-G; nodocostata Hall (rr) 


The impressions show nodose ridges near the umbo similar 
to figures of this species. 


17 Grammysia constricta Hall : (rr) 
18 Goniophora sp. ae (rr) 


reached 230 feet above the base of the shales forming E}. 
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19 Leptodesma rogersi Hall as = ees 
20 Actinopteria theta Hall (?) Pie 
21 Liopteria sp. Beer a 
22 Pleurotomaria sulcomarginata Con. . ye 
23 Bellerophon rudis Hall (?) : (rr) : & oe 
24 Orthoceras sp. 7 (rr) ay 


It will be seen that the above fauna corresponds to that of the: = =. 
bluish shales in the vicinity of Oneonta and these rocks belong in se 
the Ithaca formation, as well as those occurring by the roadside 
and along the stream till the upper part of the glen, which crosses" « 2 
the township line in the northeast corner of Otego township, is ‘. S 


wo 


Otego > RB 2 


To the west of Oneonta is Otego township, the southern part of 


which is in the Susquehanna river valley. The central part is 


crossed by the Otsdawa creek, which enters the Susquehanna river 


in the vicinity of Otego-village, and in the northern and western 


parts and onthe south sideof the Susquehanna river are high hills. 
A large part of the township is covered by the Oneonta formation — | 
while the Ithaca formation extends along the Susquehanna river 
valley to the southwest of Otego village, and the high land in the 
western part of the township belongs in the Chemung formation. 
Ithaca formation. UXXIC1. In the eastern part of the town- 
ship are exposures of rocks along Mill creek to the north of the © 
river road about two and one half miles east of Otego. At thes. 
foot of the gorge are about eight feet of bluish shales’ which 
weather to a slightly greenish tint, and contain some concretions 
and a few fossils, mostly very imperfectly preserved. Baik - 
LXXIC2. Above the shales is 4 sandstone stratum ‘two feet 
thick. This is succeeded by another two foot layer of very irregu- 
lar structure which, in places, is composed almost entirely of con- 
cretions. Above are more sandstones, some of which are slightly 
calcareous and about 16 feet above the concretionary one is a 
strongly calcareous stratum. The sandstones are about 22 feet 
thick, above which are argillaceous shales containing fossils 
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| - capped by a sandstone which forms the top of the falls in the glen. 
The thickness of this entire zone is about 30 feet. From the dif- 
- ferent layers the following species were collected: 


1 Spirifer mesastrialis Hall . (c) 
28. mesacostalis Hall (?) (c) 
3 Camarotoechia eximia (Hall) H. & C. (c) 
4 Paracyclas lirata (Con.) Hall > (rr) 
5 Prothyris lanceolata Hall | (rr) 
6 Modiomorpha concentrica (Con.) Hall (rr) 
7 Nuculites oblongatus Con. : (r) 
& N. cuneiformis Con. — (rr) 
9 Microdon (Cypricardella) tenuistriatus Hall (rr) 
10 Coleolus sp. (rr) 
11 Fish plates and teeth (r)} 


_ LXXIC®. From the top of the falls to the top of the cliff there 
are 50 feet of alternating shaly and thin sandstone layers. These 
‘rocks contain some fossils, though the number of specimens and 
“species is smaller than in those of C?. The species listed below 
were obtained: 


i Tropidoleptus carinatus (Con.) Hall (r) 


2 Spirifer sp. cee 1 UB 
3 Camarotoechia sp. (rr) 
4 Paracyclas lirata (Con.) Hall (c) 
5 Nuculites oblongatus Con. (?) (rr) 
6 Actinopteria sp. (rr) 
7 Coleolus sp. (rr) 
8 Crinoid segments ) ect) 


The top of these rocks is approximately 155 feet above railroad 


level to the east of Otego and the three zones belong in the Ithaca 
formation. 


LXXI B’. On the northern bank of the Susquehanna river about 


one mile east of Otego is a cliff of shales and sandstones some 20 
feet in hight. The base reaches water level and for 10 feet is com- 
posed of bluish shales with thin, slightly calcareous, concretionary 
layers. Then quite a heavy sandstone stratum occurs with quite 
arenaceous shales and above this a sandstone stratum a foot or 


~ These rocks are ate ron teorguea 
the Tthaca fe Shindian The species listed below were ec 


Re: Spirifer mesastrialis Hall Rigetr ess st: 
39 Camarotoechia eximia (Hall) HSC 

3 Tropidoleptus carinatus (Con.) Hall See 
ee speciosa (Hall) Beecher aes: 
5 Paracyclas lirata (Con.) Hall 2 os E 
: _ 6 Palaeoneilo sp. Seas : og | a 
<f Pleurotomaria sp. = 


e  - & Orthoceras sp. aan ae 
7 2%) Cladochonus sp. | ee 
eS 40 Crinoid segments—large and small | 


eS grea ae Along Otsdawa creek at the narrows one > mile x n6 
“of one vulage is an puheteee) E=posune because the pass: 


c | is piety: shown. The level of the creek at the e hid a sing be. 


fs - east of Otego on the river road is only about five feet lowe: 
"the railroad level but from this pe to the next a : 


: “tion is reached there is a rise of 51 feet. By the side of the 3 
v at this bridge ahoue three feet of shales are ses which 0 


and the fauna is meager. The list is as follows: 


1 ~Nuculites oblongatus Con. 
- .(?) Modiomorpha sp. 
en 3 (2) Leptodesma sp. 


4 Crinoid segments—large size 
+S. Plant stems 


—_ 


_ CLASSIFICATION, ETC. OF HAMILTON AND CHEMUNG SERIES 89 


~ ~ 


- up the creek a two foot sandstone stratum shows. In the cliff 


above the covered portion are thin shaly layers of gray sandstone 


which soon become greenish gray and massive, and about 11 
feet above their base is a mass of blue shale in the midst of the 


massive gray sandstone which is like a channel filling. The 
gray coarse grained sandstone continues for 37 feet when a 


stratum of red shale two feet thick is reached, on top of which is 
-. one foot of red sandstone and above this a one foot stratum of 


gray sandstone capped by drift. It is evident that the coarse 
gray sandstone with the red shale and sandstone above forms 
the basal part of the Oneonta formation. ‘At the upper end of 
the short gorge, immediately above the third highway bridge is 


a small quarry in the greenish gray Oneonta sandstone not far 
3 below the red shale. At this place a block was found, evidently 


from the quarry, on which are three well preserved specimens 


or Amnigenia catskillensis (Van.) Hall. It will be remembered 
that the above rare fossil is the characteristic shell of the © 


Oneonta formation to which it is supposed to be confined. This 


report mentions several new localities at which the shell was 
found and caréful search would probably serve to increase the 
number. | | 


On the hillside 125 feet above the top of the cliff in the above 
section is a broken sandstone ledge which varies from a few to 
20 or more feet in thickness. At the base there is a gray sand- 


stone followed by a red with gray sandstone again at the top of 
the ledge. - = . 


The section along Otsdawa creek may be tabulated as follows: 


OTSDAWA CREEK SECTION 
A’ Gray and red sandstone 


. 


Concealed 
BONE rl. 


— 


Gray sandstone . S < A PR 
2 AS” 
Red shale and sandstone de a = 


A+ Greenish gray sandstone 
Oneonta 


A® Concealed : : 


- « | 2 | Shales and sandstones 


Ithaca 


) 
a | 8’ | Covered | | A? a 
J 


Pattee 3’ | Shales at second bridge 
Sone | ee. as 


3 Hit A? 


OM oaths Covered | 
.....-| 8° Approximate R. R. level 
0’ |———!/ Creek level at river road bridge 


> ¥ 
ama 

Aig 
» 
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A comparison of the elevation of the base of the Oneonta sand- 
stone in the Emmons section with that of the Ostdawa affords. 
the means for determining the amount of dip a mile between 
the two localities. The base of the Oneonta sandstone in the 
Emmons section is 390 feet above railroad level and in the Ots- 
dawa section approximately 60 feet. The railroad level at Otego. 
is approximately 73 feet lower than at Emmons which makes the 
- Oneonta sandstone approximately 403 feet lower in the Ostdawa 
glen than in the Emmons section. The two stations are about 
9.6 miles apart which wouid give a dip of 42 feet a mile to the ~ 
southwest. 

To the southwest of Otego the Oneonta sandstone soon runs. 
down to the level of the highway and there are frequent ex- 
posures of red shale and sandstone, alternating with coarse gray- | 
_ ish sandstone by the side of the highway between Otego and 

- Wells Bridge in the southeastern corner of Unadilla township. 

On the Geologic Map of New York the base of the Oneonta sand- 
stone is represented at East Unadilla which, is probably some 
three or four miles too far to the southwest. The dip would 
indicate that the base of the Oneonta sandstone reaches river 
-level within a distance of less than two miles southwest of Otego. 


Unadilla 


This is the southwestern township of Otsego county, situated 
to the west of Otego and bounded respectively on the south and . 
west by the Susquehanna and Unadilla rivers which come to- 
gether at the southwestern corner of the township. The greater | 
part of the township is covered by the Oneonta formation, the 
red and gray sandstones being well exposed along a number of 
the streams. In the Delaware and Hudson railroad cut above 
Unadilla village is an excellent exposure of the Oneonta greenish 
sandstone and red shales. The high ground in the northeastern 
_ part of,the township is covered by,the Chemung while the hill 
at the southwestern point forming the divide between the Una- 
dilla and Susquehanna rivers is capped by the base of the 
Chemung. ; 


= ware, a nid Chenango counties the first fauna of t 


‘ ee which forms the angle between the two rivers na 


there is only a small exposure of the rock. Ae ea 


_base of the Chemung. : 


shales of A® and on its surface are loose, angular slabs, evidently 


LXXIV A’, To the mOetNanOet of Sidney i is the h 


i rs 
_ confluence. uae: are a few exposures on the hillside 9 


the Oneonta formation : while the upper part neloneee in mth 
of tite Chemung. | 


and sandstone. This Ge of the hill is well need by avift 


LXXIV A‘. Above this outcrop at an elevation of 110 feet ? 
small quarry of ee stone eacate as Secor’s Bs in wh 


Chemung stage consists largely of crinoid segments SO that i 
seems reasonably safe to refer the rocks of this quarry to t 


LXXIV A®. Along the field road some 95 feet higher - ane the 
“quarry are ee yee of bluish Biale in which a few fossils were 


Tent culties sp.: and crinoid séoncare 


fauna clearly indicates are in the lower part of the Cnentping 
formation. The summit of the hill is some 90 feet above the 


from that vicinity, a few of which are calcareous—like a fire 
stone—and composed largely of small crinoid segments: and 
pale of Air rypa reticularis el Dal. In some of the slabs = 


i 


a ris (Lin.) Dal., iaumiehe and Teniouiitizes sp. are found face 


most of them contain crinoid segments. 
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The section may be represented in the following diagrammatic: 


manner: 


! 


SECTION OF HILL NORTHWEST OF SIDNEY . 


405’ | 
90’ | A? Covered to summit of hill 
slo |———| A® Bluish shale 
95’ | A® Covered 
220’ |——— 
15’ | A* Secor’s quarry. Sandstone and shale 
= 
110’ | A® Covered 
95° |\———-| A” Red shale and sandstone 
95’ ve ee 
0’ River bridge and railroad level 


The comparison of the section north of Sidney with that of the 
Otsdawa north of Otego furnishes a means of estimating the 
- thickness of the Oneonta formation. The distance between the two 
sections is 124 miles; the Sidney station is 64 feet lower than the 
Otego while the base of the Oneonta formation on the Otsdawa 
creek is 60 feet above the railroad level. If we assume that the 
dip remains the same between Otego and Sidney as between 
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Emmons and Otego then there is a thickness of 485 feet of rocks 
from the bottom of the Oneonta formation to the red shales of A? 
in the section north of Sidney and a thickness of 595 feet from the . 

bottom of the Oneonta to Secor’s quarry. It is probable that the 
tep of the Oneonta formation lies between the red shales and the 


base of the quarry indicating that the thickness of the formation ~ = 


is between 500 and 600 feet. 


Bainbridge 


The next township to the southwest in the Susquehanna river 
valley is Bainbridge in the southeastern part of Chenango county. 
‘The eastern half of the township is crossed diagonally by the river 
from the northeast to the southwest and the larger part of it is 
covered by rocks of the Chemung formation, the Oneonta forma- — 
tion occurring only along the valley of the Susquehanna river and 
its tributaries in the eastern part of the township. 


XXXIV At. In the northwestern part of Bainbridge village 
along the stream from the northwest is a small glen which is quite 
narrow and for some distance bounded by walls exposing 70 feet 
of rock, the base of which is about 80 feet above the level of the 
Park hotel in the central part of the village: The rocks consist 
mostly of bluish shales and thin sandstones with one or two irreg- 
ular slightly concretionary strata. “The shales are fairly fossilifer- 
ous, specially in certain layers, while in the sandstones a smaller 
number of fossils is found. There are frequently somewhat calcare- 
ous layers in which occur great numbers of crinoid segments. The 
lower shales contain numerous specimens of Spirifer mucronatus 
(Con.) Bill. var. posterus Hall & Clarke which occurs in all of the | 
vocks of this zone. In the upper part of the glen are layers con- 
taining many specimens of Liorhynchus globulifornis (Van.) Hall; 
a smaller number of Productella lachrymosa (Con.) Hall and very 
large specimens of Atrypa reticularis (Linn.) Dal. The complete 
fauna of the zone follows: 

1 Atrypa reticularis (Linn.) Dal. (a) 


Broad specimens with coarse plications. 


Oe SLO// ON 
Al 


LAINERIYGL 


OLIVE SHALES 
CHEMUNG 


PARTLY COVER ED. 


IPREGCGULAAR OLIVE SANDSTONE 
WITH CONCRFETIONBAYV LAVER. 


PARTLY COVE ED 


SHALES ANO SANDSTONE WITH 
SOME LAVERS COMPOSED OF FOSSILS. 


COVERED. 


BLuisH SHALES ANO SANOSTONES 
WITH ABYNOANT FOSSILS 


CHEMUNG 


LOweST AOS, 


B@Oo7, FG. SLCTLON 
OF 


BUMS CAEL A 


Hh AIOE 


a z / GULA 
SSS (| OLWE SHALES AND (RAE # 


CONGR ETIONBAAY SANOSTONE 


ae MaosTeLy COVESEO 


| BAIOGCE 


OLIvE SHALES AND 
SAN OSTINES 
W/TH LAOS a HES p 


CHEMUNG 


COVERED 


LEVEL of SUSQUEHANNA BIVER. 


—, 
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2 Spirifer mucronatus (Con.) Bill. (aa) 
var. posterus Hall & Clarke 
Small and very mucronate. Apparently this species. Some 
of these specimens were examined by Dr Clarke who 
wrote of them as follows: “ These specimens are more 
‘ progressed towards Sp. mesacostalis [than the Ithaca 
fauna Sp. mucronatus var.posterus]; the internal septum is 
more pronounced and the median costa stronger. They 
impress one as distinctly more progressed toward the 
obey mesacostalis extreme. I have called them posterus; perhaps 
it would be nearer the truth if one should designate them 
as posterust+or mesacostalis—. I wouid not call them 
mesacostalis for the concept which that term embodies is 
' a mucronatus with a well developed median costa and in- 
ternal septum.” 


3 Cyrtiina hamiltonensis Hall (rr) 
4 Schizophoria impressa (Hall) H. & C. 

WN. striatula (Schl.) Schuchert (r) 
5 Productella lachrymosa (Con.) Hall ste) 
6 Liorhynchus globuliformis (Van.) Hall (aa) 


The specimens are flattened in the shale but I think they 
are the above species rather than L. mesacostalis Hall. 


7 Cryptonella eudora Hall (?) (rr) 
8 Leptodesma sp. (rr) 
9 Palaeoneilo brevis Hall (?) “(rr) 
10 Tentaculites spiculus Hall (?) (a) 
11 Crinoid segments and stems (c) 


These rocks are, clearly, stratigraphically above the Oneonta 
formation and correspond with those of Greene township along 
the Chenango valley and as the writer stated in the early part 
of this report they may be regarded as representing the lower 
part of the Chemung formation. However before this question 
can be settled authoritatively the rocks should be carefully studied 
and followed across the country from the Chenango valley to the 
southern part of Tompkins county. This fauna was called the 
Ttorhynchus globuliformis stage by Prof. H. S. Williams who 
studied specimens from this glen and considered them to repre- 


ai5th an. rep’t N. Y. state geologist, p. 165. 


_ sent a modified Hanilida fauna oceurring below the bas 
eee _ Chemung.¢ a 


Se 9.0.0 58 Ae Porther up the brook, about one smile Wenaes 
ae oe _ Bainbridge, a small branch enters it from the south along whi = 
E ee are exposures of rocks. Ledges also occur along the highw: 
a short distance farther northwest. These rocks are 150- 
a 7 abe than the top of the glen; but in general their litholos 
characters are similar to those in the glen, though there 
re _ thicker layers which are strongly calcareous and composed lar 
—_ = ot fossils, specially the. small Spirifer. The following sp 
were collected: — eS 
1 Spirifer mucronatus (Con.) Bill. (?) ; 
---var. posterus H. & C. 
eae Se _ mesastrialis Hall 
Eee Ss Productella lachrymosa (Con.) Hall 
4 Modiomorpha quadrula Hall 
5 Schizodus chemungensis (Con.) Hall 
a aa . var. quadrangulus Hall Sai 
-___-6_ Lyriopecten tricostatus (Van.) Hall | - (a 
7 Bellerophon maera Hall (?) “ | e 


seve 


of a rather eiedlng olive sandstone, with a conden to conere 2 
ind tionary structure. There are some fossils specially in — ‘certain z 
layers, the following species having been collected in a few mé 
ments: . | 
1 Spirifer mesastrialis Hall 

2 Productella lachrymosa (Con.) Hall | 
3 Schizodus chemungensis (Con.) Hall mee 

var. gquadrangulus Hall 
4 Spirifer mucronatus (Con.) Bill. 
var. posterus H. & C. : p 


aProc. Av. ass’n for the adv. science, 1886, 34:226, 231 and Sochien 10 of the chart ayia 
on the Meridional sections of the upper Devonian deposits of New York, Pennsylvania — 


and Ohio. 
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At the top of the hill over two miles forthwest of Bainbridge 
and 135 feet above the base of the concretionary sandstone, olive 
shales outcrop by the side of the highway. On the accompanying 
section these shales are called A®. No fossils were discovered 
though this may be due to the fact that very little time could be 


spent in searching for them. 


LXVIII C1. Near the southeastern corner of Bainbridge is the 
small village of Bennettsville just below which on Bennett’s 
creek is a mill. On the north bank of the creek directly above the 
highway and below the dam are ledges of thin sandstones and 
biuish, slightly arenaceous shales containing small Lamellibranch 
shells of which Leptodesma sociale Hall, Orthonota undulata Con.,, 
and Uunulicardium fragile Hall are the most common. Fossils are 
not abundant and though in the upper part of the exposure some 
calcareous layers, composed largely of crinoid segments, are seen, 


still none of those strongly calcareous layers containing numer- 


ous Brachiopods, that occur rather frequently in the fossiliferous | 
beds of the lower Chemung of this region, were found. The base 
of the rocks is approximately 65 feet above the level of the 


Susquehanna river, and in the bank 29 feet are exposed. The 


following species were collected: 


1 Produciella lachrymosa (Con:) Hall (?) : (rr) 
Broken specimen very similar to this species. 
2 Orthonota undulata Con. ee) 
3 Leda diversa Hall | (r) 
4 Modiomorpha quadrula Hall (r) 
5 Lunulicardium fragile Hall (c) 
6 Grammysia zonata Hall (?) , (rr) 
7 Leptedesma sociale Hall , (c) 
8 Leptodesma sp. (rr) 
9 Nucula sp. (rr) 


Very small specimen, unlike any of the figures. 


10 (?) Prothyris sp. (rr) 
11 Crinoid segments | } ey (c) 


~ 


- eastern township of Chenango county, which is bounded on the — 


Bennettsville loose on the surface and in the stone walls are. 
numerous blocks composed to a large extent of fossils. Spe rae 
cially abundant are Spirifer mesastrialis Hall and 8. mucronatus — Sr" = 
(Con.) Bill. var. posterus H. & C. There are also some specimens eee 


of the large Lamellibranchs of the Chemung, as Lyriopedene 


tricostatus (Van.) Hall.. A farmer residing in that neighborhood — ee 
stated that the fossiliferous blocks or the “shell rocks” as we ? ne = 


called them were more abundant on the northern than on the — Ras, 
southern side of the creek. From loose blocks in this vicinity — a 


the following species were collected: pe i 
1 Spirifer mesastrialis Hall ee 
SE mucronatus (Con.) Bill. te. | (aa) ore 

var. posterus H. & ©. | 4 ed oe 
3 Liorhynchus globuliformis (Van.) Hall ee oe : 
4 Schizophoria impressa (Hall) H. & C. ~ ee an 
5 Modiomorpha quadrula Hall . | 7 ep oes fe 
6 Sphenotus cf. contractus Hall ae Go 
(eS cf. clavulus Hall iF ee Pig (rr) mes 


Both species imperfectly preserved. 


8 Lyriopecien tricostatus (Van.) Hall ei RIS fe). oe = i 


9 Oyrtina hamiltonensis Hall | ae oe mo 
10 Bellerophon maera Hall — ae 1s iM 
Afton ee z i 


To the south of Bainbridge and Coventry is Afton, the south- + 


east by Delaware county and on the south and partly on the ow 
west by Broome county. The township is crossed diagonally me 
from the northeast to the southwest by the Susquehanna river, Ne 
the largest tributaries of which are from the north. Two of ) 
these, Bump’s creek and Kelsey brook, unite near Afton village; ie 
while the third, Wylie brook, crosses the extreme western part | 
of the township. Beg 

LXIX At. About one mile above Afton on the south ae: the | 
Susquehanna river and from 20 to 25 feet above its level a few 


‘NOLAY ‘“MOOUd AWSTIHY NI DNOWHHO AO MAIA 


- CLASSIFICATION, ETC. OF HAMILTON AND CHEMUNG SHRIHS 99 


feet of fossiliferous olive shales and thin sandstones are exposed 
‘by the side of the highway. Only a brief search was made and 
the following list might undoubtedly be increased: 


1 Spirifer mucronatus (Con.) Bill. (r) 
var. posterus H. & C. 

2 Produciella lachrymosa (Con.) Hall (c) 
3 Stropheodonta demissa (Con.) Hall La (rr) 
4 Grammysia undata Hall (?) | : 3 (rr) 

Broken specimen. 
5 Liorhynchus globuliformis (Van.) Hall | 2 rr). 
6 Lamellibranch ? (rr) 


Too badly broken to be identified. 

These rocks are clearly above the Oneonta formation and in the 
zone which is referred in this report to the lower part of the 
Chemung. Darton in describing the Oneonta-Chemung bound- 
ary from Franklin, Delaware county westward, said: “It ex- 
tends along the slopes south of Unadilla and Sidney down the 
Susquehanna toa couple of miles below Afton.”* On the Geologic 
map of New York the top of the Oneonta formation is represented 
as extending down the Susquehanna river valley rather more 
than two miles below Bainbridge to the mouth of Bennett’s creek 
and up this creek to the vicinity of Bennettsville. If this line 
be correct then the rocks of LX VIII C! in the creek below Ben- 
nettsville must be quite near the bottom of the Chemung. 


LXIX B*. To the north of the village of Afton is a rocky gorge 
in Bump’s creek, the lower end of which is scarcely one fourth 
mile from the center of the village. The base of the rocks at the 
lower end of the gorge is 50 feet above the Susquehanna river, 
and some 85 feet are shown along the gorge, the upper. 10 feet 
being by the roadside above Pixley’s mill. The rocks consist 
mainly of olive shales alternating with sandstones six inches to 
one foot in thickness. There are some quite calcareous layers 
composed largely of shells; one of these occurs in the gorge just 
below the Pixley mill in which are large numbers of specimens . 


aAm, jour. science, 3d ser., 45:207. 
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of Spirifer mucronatus (Con.) Bill. var. posterus Hall & Clarke, - 


and numerous specimens of Productella tachrymosa (Con.) Hall. | 


A little above in a thin sandstone are a considerable number of 
specimens of a large Schizodus, referred to S. chenvungensis (Con.) 
Hall var. gquadrangularis Hall. In the bed of the creek is a some- 
what concretionary contorted stratum below the calcareous one | 
which is thicker than the majority of such strata in the Hamil- : 


ton and Chemung series of eastern New York. This is a good ae 
locality for collecting in the lower Chemung as the following list _ . 


oy 


will show: 


1 Spirifer mucronatus (Con.) Bill. Le ae ae 
var. posterus H. & C. se 3 
28.  — mesastrilis Hall = S0ee} 
3 Productella lachrymosa (Con.) Hall (a) 
4 Schizophoria impressa (Hall) H. & C. (rr) 
5 Liorhynchus globuliformis (Van.) Hall . (r) 
6 Camarotoechia contracta (Hall) H. & C. (aa) 
7 Schizodus chemungensis (Con.) Hall | (c) 


var. quadrangularis Halk 
These are rather large specimens 43 mm long and 35 mm 
high but this is the only species similar in outline. 


8 Palaeoneilo brevis Hall . (a) 


# 


var. guadrangularis Hall 
Abundant on one slab. 
ts ag filosa (Con.) Hall var. - (rr) 
The concentric striae are fine all over this species until the 
posterior slope is reached when they suddenly become 
sharp and angular. 


10 Sphenotus sp. (rt) 
Small and poorly preserved. 

11 Grammysia cf. undata Hall (r) 
Broken specimens. 

12 Ectenodesma birostratum Hall (rr) 

13 Lyriopecten cf. priamus Hall | (r) 


The ribs of the large specimen have finer striae on them and 
a smaller rib alternating with the larger ones. 


14 Bellerophon maera Hall (?) (rr) 


3 
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3 
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15 Bryozoan sp. — Parr) 
16 Goniophora chemungensis (Van.) Hall (?) (rr) 
Only one specimen and that smaller than the normal forms. 

17 Stropheodonta demissa (Con.) Hall (?) (rr) 
18 Lyriopecten tricostatus (Van.) Hall : (rr) 
19 Schizodus chemungensis (Con.) Hall (rr) 
20 (?) Microdon (Cypricardella) sp. (tr) 


A large but broken specimen. 
LXIX Bt. For some distance up Bum p’s creek, above the gorge, 
there are no exposures; but about one and three fifths miles 
northwest of Afton there is a fair outcrop of sandstones and 


7 bluish to olive shales. The base of B‘ is some 95 feet higher than 


- the top of B? or 230 feet above the Susquehanna river, and 10 feet 


of rocks are exposed. The top of the exposure is at the highway 
bridge on the cross road just below the dam. One irregular, con- 
torted sandstone layer was noticed, as well as a calcareous one 

composed largely of shells. There is a tendency in the shale to : 
split across the bedding as well as along its plane so that it 
breaks into thin, narrow strips. Fossils are common specially in 
the bluish, somewhat arenaceous shales to thin sandstones, 
Spirifer mucronatus (Con.) Bill. var. posterus H. & C., Liorhynchus 
globuliformis (Van.) Hall and Productella lachrymosa (Con.) Hall 
‘being the most abundant. The entire list follows: 


1 Liorhynchus globulifornis (Van.) Hall — (c) 
2 Productella lachrymosa (Con.) Hall : (c) 
3 Spirifer mucronatus (Con.) Bill. 

var. posterus H. & C. (a) 
4 Camarotoechia congregata (Con.) H. & C. (?) (a) 


These specimens are rather intermediate between the above 
Species and. C. contracta Hall. 


3 Stropheodonta demissa (Con.) Hall (rr) 
6 Microdon (Cypricardella) cf. bellistriatus (Con.) (rr) 


In form and size like the above but the striae are like those 
of M. tenuistriatus Hall. 


7 Palaeoneilo brevis Hall (rr) 
8 Palaeoneilo sp. (rr) 


; 10 Lyriopecten tricostatus (Van.) Hall eget ee 
-- 11 Bellerophon maera Hall : (ry Et 
12 Pleurotomaria sp. ee a (ery eae 
Very imperfectly preserved. in 
13 Orthoceras leander Hall (?) : (ry oS : 
14 Modiomorpha quadrula Hall Ses 
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9 Leptodesma sociale Hall 


The rocks described above, from along Bump’s creek, are in the = 
lower part of the Chemung as it has been defined in this report — 
and this creek together with the one at Bainbridge affords ce 
fair opportunity for the examination of this part of that forma-_ 


tion. The creek valley was followed from above Bt at the saw. 


<= 


= ets 


mill to a point near the township line between Afton and — ae 


Coventry; but it is fairly broad and somewhat marshy and the 
rocks are covered with drift so that no further exposures of noe 
importance were seen. 


ee 


LXX At. To the north of Harpersyille is a brook whose souther- 


“ ly course is near the township line between Afton and Colesville. : ; 


On the bank, a short distance above the iron railroad bridge on —__ 


the Binghamton division of the Delaware and Hudson railroad, — 


are olive shales, most of which are somewhat arenaceous, and. 
sandstones which are mainly in a contorted layer. . 
The base of the exposure is about 70 feet below the Harpers: 


ville station and only a few feet lower than that at Afton. 


Spirifer mucronatus (Con.) Bill. var. posterus H. & C. is common 
in these shales while in loose blocks along the creek are numerous 


specimens of Spirifer mesastrialis Hall. The following additional — 


species were found in the loose pieces: 


1 Spirifer mucronatus (Con.) Bill. (ay 


var. posterus H. & C. 
2 Productella lachrymosa (Con.) Hall | (r). 
3 Camarotoechia cf. congregata (Con.) H. & C. ? (Chee 
4 Grammysia communis Hall (rr) 


LXX A*. Farther up the stream and 40 feet above the base of 


A! is an exposure of greenish to olive sandstone on the bank of 
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the brook with some bluish arenaceous shales at the base. In 
the sandstone is an irregular concretionary layer and the thick- 
“ness of the rocke exposed at this locality is 10 feet. . No fossils 
were found. 


LXX A5, Along the main brook no further outcrops were found 
above A® for the valley seems to be quite deeply covered with 
drift; but in a small run from the-west and nearly west of ared 
schoolhouse are outcrops of shales and sandstones. The base of 
this zone is 115 feet above the top of A? and for 95 feet there is a 
nearly continuous rock section consisting mainly of thin bedded 
sandstones in layers six inches or more in thickness with some - 
layers of irregular structure and arenaceous shales. In the 
upper part are greenish to bluish shales that are more argil- 
laceous in character and there are occasionally thin, rather 
strongly calcareous, abundantly fossiliferous layers in one of 
which Bellerophon maera Hall is common. The following species © 
were obtained at this locality: 


1 Liorhynchus globuliformis (Van.) Hall (r) 
2 Bellerophon maera Hall ~ : (c) 
Common in some very calcareous layers. 
3 Grammysia sp. Bote: (r) 
4 Palaeoneilo brevis Hall (r) 
a -P: plana Hall (rr) 
6 Modiomorpha quadrula Hall 3 (rr) 
7 Leda brevirostris Hall (rr) . 
8 Leptodesma sociale Hall (r) 


For 110 feet from the top of A® nearly to the top of the hill 
the rocks are covered by drift and soil and no higher outcrops 
were found at this locality. The section may be represented 
diagrammatically as follows: 


_ SEOTION NORTH OF HARPERSVILLE 


LXX ye: 


110’ ~A6 Covered nearly to the top of the hill Rr 3 


Mt . A*® Sandstones and shales for most of the d : 
pay | | along the run : | 


+ x a od 


~| 115’ | A* Covered 


A® Sandstone with shale at base 


A? Bocned 
A' Olive shales 


“ s; ou ———1 Creek level above railroad bridge © FES: 

ae The divide between the Susquehanna and Chenango river: 
_. which crosses the western central part of Colesville townshi ete 
oe _ from north to south is quite heavily covered by drift so that | 


- outerops of rocks are rather infrequent; but along the streams 
7 on the western side are occasional exposures; those in the vicinity 
: ane of Osborne Hollow, near the western line of Colesville township, 
ee : were described in part 1 of this report*, and to the west near the 
Bee top of the high hill south of the Chenango river below Port Cran 
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the characteristic Chemung species Spirifer disjunctus Sowb. was 
found”, showing conclusively that’ these higher rocks are of 
Chemung age. 

DELAWARE COUNTY 


To the east of Broome and Chenango counties and south of the 
Susquehanna valley and Otsego county is Delaware county which 
is crossed by the Delaware river from the northeast to the south- 
west. The geology ofthis county is interesting from the fact 
that as the Chemung formation is followed from the Susque- 
hanna valley eastward into Delaware county it thins rapidly from 
the upper part downwards, being replaced by rocks consisting of 
- goarse grained gray sandstones, alternating with red sandstones 
and red and greenish argillaceous shales similar to those found 
in the Catskill formation in the Catskill mountains. This change 
in lithologic characters is found to have occurred quite rapidly, 
for on passing to the east of the Delaware river in the vicinity of 
Delhi we see that the characters of the Catskill rocks have nearly 
replaced those of the Chemung; the replacement being from the 
top and the lower part of the Chemung extending farthest to the 
east. - However, after crossing the Delaware river it is difficult to 
recognize the Chemung formation and in the eastern part of the 
county there is a section of red and gray sandstones alternating 
with red and greenish shales from the base of the Oneonta sand- 
stone to the tops of the highest hills which are clearly in the 
typical Catskill formation. | 


Masonville 


To the east of Afton and Bainbridge is Masonville which is 
one of the western tier of townships in Delaware county. The 
northern central part of the township is crossed from the east to 
the west by Bennett’s creek which heads partly in the small 
glacial lake east of East Masonville near the township line be- 
tween Masonville and Sidney. Exposures on the banks of this 
creek below Bennettsville, in the southeastern part of Bainbridge 


alsth an. rep’t N. Y. state geologist, p. 160. 


OP Vee sf 


ville is a small quarry. The rock consists of olive to greenish 
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which : are near the base of the Chemung foe tene have alread 
been described. 


Bennett’s Loe one mile west of Masonville i is a small outerop & 
grayish thin bedded sandstone. On splitting, the surface of the 
layers is somewhat rough. Fossils are not-uncommon in this 
sandstone and the species listed below were collected: | ae, 


7 Oe Camarotoechia eximia (Hall) H. & C. 
2 Goniophora cf. trigona Hall 
Imperfectly preserved. 
3 Edmondia cf. subovata Hall ie 
4 Actinopteria sp. : 
Quite imperfect. 


LX VIII At. On the south side of the rvad to the east of Macnee s = | 


argillaceous shales and flaggy sandstones varying from light gray a 
to greenish which are quarried to some extent for local use. Iti 1s 
not, however, a. quarry of any special importance. Fossils are 
rare.and some little search yielded but one species—Orbiculoiden pte 
ef. neglecta (Hall) Schuchert. The rocks along Bennett’s creek > She 
across Masonville township are in the Chemung formation. Bo 


Sidney 


Sidney is the northwestern township of Delaware county, being | 
situated north of Masonville and south of the Susquehanna river. oe 
It is bounded on the north by Unadilla and Otego townships, as = 
Otsego county, and on the east by Franklin township, Delaware : 
county. The central part of the township is crossed by Carrs 
creek, which flows from the southeast toward the northwest — 
and enters the Susquehanna river opposite the village of Una 
dilla. On*the southern side of the creek are quite steep hills — 
forming the divide between it and Bennett’s creek. | The creek 
valley and this range of hills afford occasional sections, though Z rs 
the rocks are largely covered by soil and drift. = 
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LXVIi B2. At the three corners on the northern side of Carrs 
creek nearly two miles northwest of Maywood (formerly Sidney 
Center) is an exposure of thin bedded red sandstone. One foot 
or more of the stratum is shown in a small brook just north of 
the highway; the top of which is about 33 feet above the level 
of Carrs creek. This outcrop is in the Oneonta formation and. 
near its top as is shown by the exposures in the railroad cut on 
the southern side of the creek. = 


LX VII Bt. On the southern side of Carrs creek, two miles. 
northwest of Maywood, is quite an extensive railrvad cut the 
base of which is 95 feet above the creek level. The rocks shown 
in the cut are mostly olive shales and sandstones with some _ 
blue shale. At one place is a spot of shale which is somewhat 
reddish, perhaps from weathering, but olive at each end. A 
_ contorted layer of sandstone occurs, and the cut shows a section 
_ 33 feet in thickness. Fossils are not common, with the exception | 
of Crinoid segments, but the following species were found by 
Mr William L. Fisher: ; 


1 Spirifer mucronatus (Con.) Bill. (ec) 


var. posterus H. & C. 
Poorly preserved. 


2 Orthonota (?) parvula Hall (rr) 
3 Sphenotus cf. contractus Hall | (rr): 
4 Goniophora cf. Hamiltonensis Hall (rr): 
5 Tentaculites cf. spiculus Hall gees Cy 


Abundant on some layers. 


6 Large Lamellibranch very poorly preserved | (rr): 


7 Crinoid segments (a). 
Small segments abundant on some layers. 


The rocks exposed in this cut are near the base of the first 
fossiliferous zone above the Oneonta sandstone which, as already 
stated, is referred to the base of the Chemung formation in this: 
report. At the maximum the base of the cut can hardly be more 
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than 60 or 65 feet above the top of the Oneonta sandstone. The e : 
_ above section may be tabulated as follows: aS are 


ee ee | | ~ : : 
33’ | Bt Olive shales and sandstones. ae nek 
Chemung baat 
95’ 
5 62’ | B® Covered 
ao. 
1’ | B? Red sandstone. Oneonta ~ 
) | _ 82’ | B® Covered’ A 
0’ ae Level of Carrs creek 


The above section agrees fairly well with exposures near 
Youngs, one mile farther northwest, where in the railroad cut 
directly north of the station there are olive and bluish fissile 
shales alternating with thin, irregular sandstones. There are 
also irregular, concretionary. sandstones. Fossils are rare, but 
a few specimens of Atrypa reticularis (Lin.) Dal. were found. 

In a quarry about 60 feet below the railroad track on both 
sides of Ford creek are unfossiliferous coarse gray sandstones 
which split quite regularly making small flags, and an occasional 
layer of clay pebble conglomerate. In the creek just below the 
quarry are large slabs of red sandstone which are probably about 
in place. The rocks of this quarry belong, apparently in the 
Oneonta formation. 

About 75 feet lower on the western side of Carrs creek there 
is a steep bluff in which large masses of angular red sandstones 
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occur. They are hardly in place, still from their very angular 
shape and the large number of them they must form a ledge in 
that immediate vicinity. 


LXVII A*. In the cut immediately west of Maywood station 
(formerly Sidney Center) on the New York, Ontario and Western 
railroad there is an exposure of .84 feet of thin sandstones alter- 
nating with shales. Some of the thin layers contain large num- 
bers of Crinoid segments, and the rock being quite calcareous 
becomes rotten on weathering and turns from a greenish to a 
brownish color. Some of the shales when weathered are olive 
but on a fresh surface are mostly bluish. The bottom of the rail- 
road cut is at about the same level as the Maywood station which 
is 13888 feet A. T. The dip varies for the different strata exposed 
in this cut; for one stratum dips about 1° nearly s. e., while 
that of a lower thin sandstone stratum varies from 14° to 24° 
S. 10° E. In number of species and specimens Lamellibranchs. 
_are most abundant though other fossils are common. The list 
is as follows: 


1 Lhorhynchus mesacostalis Hall : | | (rr) 
2 Camarotoechia cf. stevensi (Hall) H. & C. (rr) 
Broken and imperfectly preserved. 
3 Spirifer mesastrialis Hall (r) 
4 Palaeoneilo constricta (Con.) Hall (rr) 
ae. Sp. (c) 
6 P. plana Hall (?) a (EER 
7 Nuculites oblongatus Con. (rr) 
8 Orthonota (?) parvula Hall. (r) 
9 Leda diversa Hall (c) 
10 Sphenotus cf. contractus Hall | (a) 
11 Grammysia cf. communis Hall (rr) 
12 G. elliptica Hall ' (rr} 
13 Leptodesma cf. sociale Hall (Che 
14 Ptychopteria sp. (rr) 


15: Lunulicardium fragile Hall eh (rr) 


~ai 
att 
= 


Aero 


stones were noted at the horizon A‘* which is estimated as ATS 


( 


‘road cut at 67B‘, two miles farther northwest, and is, conse- 


‘described the top of the Chemung formation, the thickness of 
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16 Orbiculoidea sp. ea ee, 
Imperfectly preserved. *e ert prs. 
17 Orthoceras sp. 
18 Crinoid segments . | 
On some layers immense numbers of small segments. i 


The base of this cut is approximately 199 feet above the red fs : 
sandstone of 67B2, or 137 feet higher than the bottom of the Ee 


quently, at least that much higher stratigraphically in the Che: 
mung formation. 

> phe high hill to the west of Came creek, south of Maynor 
affords an opportunity to measure the thickness of the Chemung _ 
_ formation. A section has been constructed showing the rocks =e 
‘from the level of Carrs creek at 67B! to the top of the high hill | 
near the Sidney-Masonville township line south of Maywood. The , ! 
course of this section from Maywood south is up the valley of ee 
Carrs creek to the first road turning west and then over the eas es 
to East Masonville. Unfortunately in measuring the section that — 
route was not followed so that the covered zone called A? and 
estimated as 209 feet in thickness may vary to quite an extent 
from that approximation. On this hill the grayish to olive sand- 


feet above the level of Carrs creek at B1, and they continue to : - 
at least an altitude of 615 feet the last 80 feet of which are com- 
posed largely of rather coarse grained grayish sandstone and | 
some olive shale. This zone is apparently in the Chemung al- 
though a hasty search was not rewarded with fossils. Suppos-— a5 
ing B? to be the top of the Oneonta sandstone and the zone just — : 


the Chemung in this section would then be approximately 580 
feet. From the bottom of the railroad cut at B4, which is un- 


questionably in the Chemung, to the top of A‘ is, approximately, 


510 feet. Above A® for 190 feet the rocks are covered when ~ a 
15 feet of thin, irregularly bedded, rather fine grained grayish to 
greenish sandstone occur in zone A’. The first ledge of red 
Sandstone and shale seen on this hill which is clearly in the 
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Catskill formation is found 52 feet higher. A piece of loose 
sandstone containing a specimen of Spirifer mesastrialis Hall 
was found below the ledge of red sandstone but I am hardly 
inclined to think that it came from the upper part of this hill. 
57 feet above the red sandstones and shales occurs another 
_ ljedge—A—of grayish thin bedded sandstones which are 939 
feet above the base of the section. The rocks are then covered 
for 26 feet, nearly to the summit of the hill, making a section 
of approximately 965 feet which extends from the upper part 
of the Oneonta sandstone into the lower part of the Catskill 
formation. 


LXVII C1. The section C is in the vicinity of Franklin Station’ 
on the New York, Ontario and Western railroad, three and one 
half miles southeast of Maywood and near the line between Sidney 
and Franklin townships. On the bank of the small brook below 
Franklin Station and east of the railroad cut is a 10 foot ex- 
posure of olive to gray colored sandstones and shales containing | 
plenty of Crinoid segments with a few other fossils. The rocks | 
are in the Chemung formation. 


LXVII GC. In the railroad cut aboutone quarter mile northwest 
of Franklin Station is an exposure of 28 feet of rocks the base of 
which is 66 feet above C1. The rocks consist of rather thin 
layers of sandstone alternating with olive and blue argillaceous 
. shales. In the lower part of the cut is a stratum composed partly 
of shale and partly of sandstone which has very irregular struc- 
- ture and is probably somewhat concretionary in form. The dip 
varies from 24° to 34° S., 20° E. In some of the layers fossils 
are common and in the rather thin layers of sandstone quite a 
number of specimens of Spirifer mesastrialis Hall were found. 
The thin olive shales and sandstones quite closely resemble, litho- 
logically, the typical Chemung rocks of southern New York. 


\ 


The fauna of this zone is as follows: 7 
1 Spirifer mesastrialis Hall 3 (c) 
2 Atrypa reticularis (Lin.) Dal. (rr) 
3 Goniophora subrecta Hall (c) 
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4 Palaeoneilo brevis Hall | 
_ 5 Leda cf. diversa Hall Ps 
6 (?) Grammysia zonata Hall 


7 Lyriopecten priamus Hall : - (rr) : < ; 


8 Onychodus hopkinsi Newb. ‘e (Fs 
9 Dinichthys tuberculatus (?) Newb. (rr) ie 


The last two specimens were identified by Dr Eastman. 


LXVIIC®. There are but few outcrops on the hill to the south 
of Franklin Station, its slope being well mantled by the drift. — 
However on the summit of the hill one mile south of the station s 
is a ledge of thin bedded olive to light gray sandstone which 
splits into quite thin layers at the surface but thickens as the 
unweathered part is reached. A small excavation has been 
made exposing four and a half feet of the ledge. There is an 
occasional fossil, fragments of Brachiopods and ? Cladochonus 
-sp., which indicates that the top of this hill is in the Chemung 
formation. | ! : 

A section based upon barometric readings has been con- 
structed from the level of Carrs creek at B! along the creek 
valley to C! near Franklin Station and then to the top of the hill 
‘south of the station. Without making any allowance for the 
dip which would increase rather than diminish the thickness of 
the rocks, it will be seen that from the top of the Oneonta red 
sandstone B? to the top of the hill C® south of Franklin Station | 
there is a thickness of 547 feet. Or from the base of the railroad 
cut B‘, two miles northwest of Maywood, which is in the Che ~ 
mung, to the top of C’ south of Franklin Station there is a thick- 
ness of 485 feet. The top of the hill C® south of Franklin Station 
is near the same elevation as the top of zone A® on the hill south: 
of Maywood which was also referred to the Chemung, and it 
seems hardly probable that C® extends to the top of the Chemung. 
This section along the N. Y. O. & W. railroad indicates that for 
Sidney township the Chemung formation has a thickness of more 
than 500 feet. : 
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Franklin 
To the east of Sidney is Franklin township, which is bounded 
on the north by the townships of Otego and Oneonta, Otsego 


county. The principal stream is Ouleout brook which crosses 
the township in a general direction from the east to the west 


and flowing across the northern part of Sidney township enters 


the Susquehanna river between Unadilla and East Unadilla. 
XXXIII B!. In the southwestern corner of the township is the 

tunnel on the New York, Ontario and Western railroad about half 

way between the Merrickville and North Walton stations and two 


excavation of the tunnel the railroad crossed the ridge by means 


and one half miles southeast of Franklin Station. Before the 


of a “zig zag” which served as the name of the locality. This — 


ridge forms the divide between the head waters of the streams 
entering the Susquehanna river on the north, and tho-e flowing 


- into the Delaware river on the south. The floor of the tunnel is” 


1764 feet A. T. at the southern end and it is 1636 feet in length. ~ 


The approach to the southern end shows about 40 feet of solid 
rock consisting of fairly massive and shaly sandstones alternat- 


ing with arenaceous and argillaceous shales. The lower rocks | 


are mainly of bluish gray sandstone, then at the middle of the 


cut are red shales and sandstones from 10 to 15 feet in thickness 


and on top of these grayish to greenish and bluish sandstones 
and shales. To the south of the southern end of the tunnel and 
only a short distance north of the North Walton station large 
quantities of rock taken from it were dumped. Red shale ap- 
parently predominates, though there is a large amount of green- 
ish to bluish shale in which are numerous specimens of Lamelli- 
branch shells. In a rock slightly more irregular in texture 
- plenty of fish scales and bones were found with which were as- 
sociated Lingula and a few other shells. Archaeopteris and frag- 
ments of other plants were found in argillaceous shales on the 
dump and in the approach to the tunnel. The northern end of 
the tunnel is lower than the southern and in the approach it is all 
massive greenish gray sandstone of somewhat irregular bedding 


{ 


- came from red, argillaceous shales while the massive greenish 
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with shale partings. Only a few rods north of the entrance to Se sans 
the tunnel on the east side, Lingula associated with plant stems tee ee 
was found in place, while in some of the greenish shales speci- sh gat 
mens of Liorhynchus occur. A little west of the highway and ~ 
railroad is a quarry of coarse greenish gray flagstone in which . 
some of thé layers have a slightly’ pinkish tint. To the north 


of the tunnel is quite an extensive fill, the material for which 


came from it, and when first visited about two months after the 
opening of the tunnel in 1891, there were plenty of large blocks | 

of red shale to be seen which contained numerous specimens ~ 

ot Lingula and other shells associated with the bones and 
scales of fish. When visited in 1895, however, the fossiliferous _- 
shales taken from the tunnel and dumped at both the northern ~ 
and southern ends were so badly slacked by weathering that 
collecting was very unsatisfactory. It is possible that deeper 
blocks may yet remain unweathered from which fair specimens: 
might be obtained. The rocks from this tunnel are probably 

in the lower part of the Catskill formation and affording quite 

an extensive fauna they become important from a paleontologi- 
cal standpoint. In fact quite a good many of the specimens _ 3 3 


gray sandstone below the red at the northern end of the tunnel 
resembles the coarse sandstones of the Catskill. The ichthyic re- _ 
mains were studied by Dr C. R. Eastman of Harvard university, 4 
the well known authority in ichthyic paleontology who kindly © 
prepared the interesting account of these fossils given at the 
close of this report. He identified Bothriolepis minor Newb. and 
Onchus sp. Eastman. - : 

XX XIII A’. The village of Franklin is located in the valley of 
Ouleout brook from 400 to 500 feet lower than the New York, 
Ontario and Western railroad tunnel between Merrickville and ~ 
North Walton. A mile and a half below Franklin a brook enters 
the Ouleout from the south and a section was constructed 
from the Ouleout level to the top of the hill on the 
south between the Franklin Station and Merrickville highway. 
The rocks along the valley of Ouleout brook are very largely red 
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argillaceous shales with some sandstones belonging in the 
Oneonta formation. Along the brook and highway from the 
Ouleout valley toward Franklin Station the rocks are partly 


covered for 130 feet, reds showing now and then, when a con- 


spicuous red sandstone crosses the brook. 60 feet higher and 


_ just below the forks in the road is an outcrop of red, shaly sand- 


stone alternating below with greenish layers of sandstone. -This 
locality is about two miles from the tunnel and is, apparently, 
at about the top of the Oneonta formation. Loose along the 
brook and in the fields are numerous blocks of sandstone con- 
taining large numbers of Crinoid segments. Unfortunately the 
northern slope of the hill is generally deeply covered with drift 
and no exposures of these fossiliferous rocks were found. From 
loose blocks in the side of the hill the following species were 
collected: 


1 Goniophora chemungensis (Van.) Hall | (rr) 
2 Palaeoneilo constricia (Con.) Hall (r) 
3 Nuculites cuneiformis Con. (rr) 
4 Leptodesma sociale Hall : (rr) 
5 LD. Sp. ; (rr) 
6 Camarotoechia sp. (rr) 
7 Pleurotomaria sp. (rr) 
8 Tentaculites sp. : (rr) > 
9 Crinoid segments (aa) 


Very abundant in some of the pieces. 


They belong, however, in the Chemung formation which was 
estimated by Darton to “ have a thickness of about 300 feet ’% to 
the south of Franklin. At 590 feet above the top of the Oneonta 
red sandstone noted in the brook is a ledge of greenish gray 
sandstone somewhat unevenly bedded (A‘) near the top of the 
hill which is some 55 feet higher, and on its surface are numerous 
blocks of red sandstone. No red rock was found in place, but. 
as this hill barometrically is some 190 feet above the Merrick- 
ville station it seems probable that its upper part, including the 


a Am, jour. science, 45: 207. 
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coarse, greenish gray sandstone of A‘, is in the Catskill forma-_ a 
tion. However, farther to the east and on the other side of the __ 
small valley are thin bedded, grayish sandstones near the summit : 
_ of the hill, which contain occasional small Crinoid segments. To = 
the east of the road north of Merrickville at the above locality 
there is a ledge of this sandstone eight feet in thickness, and re < 
about 25 feet higher on the highest point of the hill are ledges 
of coarser grained grayish sandstone. On the western side of zs 
the road at the head of the small brook and narrow valley and 80 | woes 
feet lower is a ledge of finer gray sandstone some 15 feet in 
thickness. | | ‘ag 


XXX D?. One fourth mile south of Franklin village is a steep . 
and rather high hill between the Ouleout and Handsome brook 
_ valleys known as Round Top. The lower part of the hill being 
somewhat covered only occasional outcrops of red and gray sand- 2 
stones and shales occur and at an altitude of 234 feet above the | 
level of Ouleout brook is a stratum of breccia, eight inches or _ 
so in thickness, above which is red sandstone. The red rocks 
continue to 332 feet where the last ledge of thin, red sandstone 
was seen. 10 feet higher is the bottom of D*, a zone. composed 
of slightly greenish to grayish thin bedded and shaly sandstones — 
which continues for about 45 feet to the top of the hill. Some ~ 
-of the layers contain fossils the most abundant being crinoid — 
segments but Atrypa reticularis (Lin.) Dal., several species of 
Lamellibranchs, and, fragments of fish were also found. The 
top of this hill is clearly in the zone which is referred to the 
lower part of the Chemung in this report. The following species 
were found in the shaly sandstones of D?: | 


1 Atrypa reticularis (Lin.) Dal. (r) 
2 Sphenotus contractus Hall (?) | ' (rr) 
3 Grammysia eliptica Hall (er) 
4 Edmondia cf. philipi Hall | (c) 
aad ip cf. subovata Hall (rr) 
6 Goniophora subrecta Hall | (rr) 


% Prothyris cf. lanceolata Hall ae (rr) 
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8 Lyriopecten sp. ) | | : (rr) 

Poorly preserved specimen. 
9 Orthoceras sp. — | (rr) 
10 Crinoid segments (c) 
11 Fish scale (rr) 

SECTION OF ROUND TOP HILL 
XXX D 
387’ |——-—| Top of Round Top 


45’ | D® Greenish to grayish sandstones. 
Chemung 


———| First fossils 
oy. 1a Last red sandstone 
98’ | D® Red and gray sandstone 


934’ |——_—} Breccia layer 
Oneonta 


234’ | PD} Partly covered 
Red and gray sandstones and red shales 


i= =F Level-ot Ouleout creek 


Franklin township has occupied a rather conspicuous position 
in the geological literature of Delaware county since the an- 
‘nouncement of the discovery of fossils, by Mr J. M. Way, in 
rocks which up to that time had been considered to belong in 
the Catskill formation or old red sandstone as it was frequently 
termed. This discovery was published in the latter part of 1862 
by both Prof. Hall and Col. Jewett. In the autumn of that year 
Prof. Hall examined the rocks of this region in company with 
Prof. Edward Orton and Mr Way and published an article on 
its geology* which contained “a section from the north side of 


a Canadian naturalist and geologist, Oct. 1862, 7: 377. 
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the Susquehanna river to the high hills in the south part of Frank- = 


lin.” In this section Prof. Hall reported “ greenish and gray 
shales and shaly sandstone” as succeeding the Hamilton, then 


from 400 to 500 feet of “red shale and shaly sandstone with — 


numerous fucoidal remains ” which is now known as the Oneonta 


formation; while succeeding the red shales are about 100 feet 


of “ non-fossiliferous shale and shaly sandstone.” The greenish, 


red, and non-fossiliferous shales and sandstones or numbers 9, 8, — 


and 7 of the section were said to “ represent the Portage group.” 
The succeeding 250 to 300 feet of greenish to gray sandstones and 
shales are stated to contain fossiliferous bands in which are 
the bones and teeth of fishes associated with Brachiopod and 


Lamellibranch shells. Among the shells Spirifer mesastrialts ee 
Hall and Cypricardites chemungensis Vanuxem [Goniophora che- 


mungensis (Van.) Hall] were mentioned. Capping the hiils are 


from 100 to 150 feet of “greenish gray sandstones and shaly sand- 


stones’ in which fossils were not distinctly mentioned. In 


correlating these upper members of the section Prof. Hall said 
they “are always marked by characteristic fossils of the Chemung — 
group ” and that “ having... personally examined the region in 


“question, I do not hesitate to say that we have in the fossil re- 
mains taken together the most unequivocal evidence of the occur- 
rence of the Chemung group in these localities.” Col. Jewett 


reported that at Franklin he “found Mr J. M. Way, a gentleman ~ 


who for years has been examining the rock and collecting the 
fossils; and... he has succeeded in investigating the whole 
strata of the neighborhood and collecting many fossils. With 
his assistance I was able to make a section from the Ouleout 


creek to the top of a hill about three miles southwest of the 


village of Franklin, more than 800 feet in thickness,”” Jewett 
reported about 400 feet of red shale with some red sandstone 
at the base of this section above which was greenish shales and 
gray sandstones extending to the top of the hill, the upper 350 
feet of which he reported as containing fossils of the Chemung 


formation to which he referred these rocks stating that he be- — 
lieved “that there is no’ old red sandstone (Catskill formation) — 


in this state.” 


a 15th an, rep’t regents on state cabinet of natural history, p. 198. 
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In Prof. Hall’s address before the National academy of science 
in 1880 he again referred to the correlation of the rocks in Frank- 
lin,? and apparently referred the highest rocks of that township 
to the Catskill formation. Prof. Hall said “ crossing from One- 

onta and approaching Franklin over red and mottled shales and 

sandstones with an’ apparently southwest dip, these were suc- 
ceeded by gray and greenish shales and sandstones carrying 
Chemung fossils; and again on the road to Delhi these latter 
were succeeded by red rocks . . . The fossiliferous beds of the 
Chemung are found lying upon that formation [the Oneonta] 
between Norwich and Oneonta, and to the east of Sidney Plains 
[Sidney], and at or near Franklin, where they apparently pass 
_ beneath the great red sandstone formation of the Catskills, which 
is characterized by the presence of bones and scales of Holop- 
tychius.”’ | 

Darton, in considering the “stratigraphic relations of the 
Oneonta and Chemung formations in eastern central New York,” 
reported that ‘‘ The fossiliferous Chemung shales overlying the 
Oneonta formation south of Franklin have a thickness of about 
800 feet and present the usual Chemung character. They grade 
upward through a series of flags, into hard, coarse, crossbedded - 
gray sandstones with intercalated red shale layers.’ 

While in Franklin the writer called upon the widow of Mr 
Way who was killed in the civil war, and she informed him that 
Round Top hill was one of his best localities for collecting speci- 
mens. Another place described to me by Mr E. P. Howe of Frank- 
lin, who was well acquainted with Mr Way, is on the western 
side of Ouleout brook opposite the Franklin mills between 8&0 
and 90 feet above the level of the creek. At this locality there 
is a ledge of reddish sandstone over thin, gray sandstone and 
Mr Howe thinks the fossils came from the red rock. There is 
no question but that this zone is in the upper part of the One- 
onta formation. Mr Howe found in grayish sandstone, probably 
near the base of the Oneonta formation, a fine specimen of Arche- 
opteris jacksont Dn, near the foot of the northern slope of the 


} @Seience, old series, Dec. 11, 1880, 1:290. 
b Am. jour. science, 3d ser., 1893, 45:1207. 
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hill between Franklin and Otego in Otego township. ‘The speci- 
men now belongs to the museum of the State university of Ohio— | 
and has been kindly loaned by Prof. Edward Orton for the fig- 


fay 


ure which appears in this report. 
LXVI A. In the eastern part of Franklin on the southern fork. of 
Ouleout brook is the small village of Treadwell (formerly Croton). 


To the south of the village is the valley of Roaring brook and a | 
section of 350 feet was studied leading up this valley and toward eet 
_ the summit of the hill on the western side. Directly south of 


Treadwell on the western side of Roaring brook is an exposure 


of some 10 feet of red sandstone (A?) perhaps about 25 feet above oat 
the center of the village. This outcrop is in the upper part of 


the Oneonta sandstone as is shown on the Geologic map of New 
York. For 130 feet on the side of the hill the rocks are covered, 
then a ledge of thin bedded gray sandstone two feet thick (A*) 
occurs. The rocks are then mostly covered for 88 feet when the 


base of the Prime quarry is reached. However, about 15 feet 


below its base but farther to the east is a ledge of slightly red- 


dish sandstone. Perhaps the reddish color is due to weathering” 


and it may be considerably above the top of the Oneonta. The 
rocks are so well covered that on the lower slope of this hill the 


line of division between the Oneonta and Chemung was not de- 
termined. The Prime quarry (A‘°) is on the hill about three 


quarters of a mile south of Treadwell and some 255 feet higher. 
In the wall of the quarry 13 feet of rocks are shown, the lower 
eight feet being fairly fine grained, greenish gray flagging stone 


_ which splits into flags from two to three inches in thickness. In ~ 


the debris of the quarry and loose on the hillside are numerous 
blocks of stone containing large numbers of Crinoid segments. 
Such a layer filled with these segments occurs near the top of 
the sandstone. The upper five feet of the quarry is composed 
~ mainly of greenish argillaceous shales in which are a few coarser 


layers containing numerous Crinoid segments. In addition to 


these a specimen of Tentaculites spiculus Hall (?) and another of 
Orthonota (2?) parvula Hall were found. The rocks forming this 
quarry are considered to belong in the lower part of the Che- 


mung. 42 feet above the top of the quarry is a five-foot ledge ~~ 


" 
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(A8) of similar greenish sandstore which thickens toward the top, 
while 30 feet higher is a four-foot ledge (A) of thin bedded, 
grayish sandstone which is the highest outcrop examined on the - 


hill. 
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Darton compared the Chemung section south of Franklin with — 


that at Treadwell (Croton) stating that in tracing the fossilifer- Pig 


ous shales of the Chemung eastward from Franklin “they were 


found to gradually merge into flags and then into harder, coarse 
sandstones till at Croton, 10 miles east, their horizon is repre- 


sented by a heavy mass of coarse, gray, crossbedded sandstones eon 


with flaggy layers.’ . 
Near the township line between Franklin and Meredith and 


just below West Meredith are ledges of red shale and sandstone | oF. 
on the hillside a little south of the road. This outcrop is about 
55 feet above the corners at West Meredith. Another ledge of _ 


thin bedded, red sandstone 30 feet in thickness occurs 55 feet — 
higher and this is capped by similar thin bedded gray sandstone. 
These rocks apparently belong in the Oneonta sandstone and are 
near the line of division between it and the Chemung as mapped 
on the Geologic map of New York. On a loose block of greenish 
Chemung sandstone a good specimen of Schizodus chemungensis 
(Con.) Hall was found and in the red sandstone a good specimen 
of a branching algoid plant. Toward the divide southeast of 
West Meredith and 215 feet higher is a coarse, massive greenish ~ 
sandstone which as represented on the Geologic map of New York — 
is probably in the Chemung. | 

When the sections of the rocks overlying the Oneonta sand- 
stone at West Meredith, Treadwell and Franklin are compared 
with the synchronous deposits on the Susquehanna river at Bain- 
bridge and Afton, the far greater amount of coarse grained sand- — 
stone is at once noticed. The shales and somewhat calcareous, 


fossiliferous layers of the Susquehanna valley Chemung seem to ey ‘ 


have largely disappeared and to have been replaced by these 
coarse sandstones. This change is still more marked to the east- 


ward in the drainage area of the Delaware river as will be seen 


in the description of that region. 


Delaware valley 


To the south of Franklin and the western part of Meredith 
township the drainage is southerly into the Delaware river. On 


a Am, jour. science, 3d ser., 45: 207. 


CLASSIFICATION, ETC. OF HAMILTON-AND CHEMUNG SERIES 123 


account of the comparatively small number of sections of suffi- 
cient importance to merit a description, as wellasthemonotonous 
repetition of red sandstones and shales alternating with coarse, 
greenish gray sandstones, it is considered best to describe this | 
region under the general heading of the Delaware valley. 


LXV D+. In the southwestern part of Meredith township about 
five miles northwest of Delhi and barometrically 720 feet above the 
level of the Delhi postoffice is a small, glacial lake known as 
Spring lake or Robinson’s pond. This lake which is the source — 
of one branch of Steel’s brook, a stream lined along the lower 
part of its course by steep hills, is well toward the top of the 
highest hills and flows southeasterly and enters the Delaware 
river at Delhi. Just above the lake are thin bedded greenish 
sandstones which have the finer lithologic structure of the 
Chemung rather than that of the coarse grained sandstones of 
the Catskill formation to the east of the Delaware river. Alter- 


nating with these sandstones there are thin, greenish, arenaceous — 


shales similar to those of the Chemung formation. There is 
also, below the highway, a ledge of thin bedded, faintly reddish 
sandstone which is apparently replacing the greenish gray, 
colored sandstones of the Chemung. This stratum if followed 
to the west probably changes to a typical Chemung sandstone, 
while to the southeast of the Delaware river it becomes a red 
sandstone with the lithologic appearance of those of the 
typical Catskill. This gradual merging of the structural char- 
acters of the Chemung with those of the Catskill was clearly 
stated by Darton and shown in the figures illustrating his paper. 
He also says that the Chemung formation is “ overlain by several 
thousand feet of hard, coarse, crossbedded gray sandstones with 
intercalated red shales and gray flags into which they merge 
eastward and at the expense of which they expand westward. ° 
This merging was studied with great care-and it was found that 
stratigraphic continuity throughout is beyond question There 
is no overlap or wedging out of the beds either as a whole or 


singly but a gradual transition of coarse materials into fine 


materials. Lower and lower shaly beds are successively involved 
eastward till at a point about due south of Oneonta the lowest 
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beds of shale finally merge into hard, coarse grained, cross : 
bedded gray sandstones.’@ <o 

Directly above the highway is a five-foot ledge of thin, green- as 
ish sandstone, showing some crossbedding, which resembles the — 
Chemung of the western part of Delaware county. About 20 Se 


opposite the southern end of the lake. The grains of sand g. 
are noticeably finer than in those sandstones near the same 
stratigraphic position on the southeastern side of the Delaware — fe 

river. This lake and the rocks about it are near the central — ws 
part of the area colored as Chemung on the Geologic map of 
New York. At the western side of the highway opposite the | 

house of Mr George Young and the lake is a most interesting 
exposure of about seven feet of shales, the base of which is 20 oS ; 
feet above the level of the lake. The section is as follows: 


SPRING LAKE SECTION 


60’ |——| Summit of hill on highway 
| 33’+ | Covered 


265’ |——— - : 
3’ | Thin bedded sandstones to ecoarse,arenace- ; 
ous shales 2a 
aaa . ‘Fossils 
‘ | ‘. 
21’ | Green argillaceous shales y ; 
13’ | Red argillaceous shales : 
20’ 


——~—| Highway level 


20’ | Thin, greenish sandstones partly covered 


——— | Level of Spring lake, 720 feet above Delhi 


This outcrop is a very interesting one for above a thin stratum 
of red, argillaceous shale, green shales occur and above these, 


a@ Am. jour. science, 3d ser., 45: 204-5. See fig. 1 on p. 204 and fig. 2,section B on p. 205 for a diagram- ahem 
matic representation of the merging of the structural conditions of the Chemung into_those of the = (Oe 
Catskill. ‘ 
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shales that are coarser; both of which contain quite a good many 
fossils which are unquestionably in place. Spirifer mesastrialis 
Hall is common in both divisions of the fossiliferous shales asso- 
ciated with Chemung Lameilibranchs. The fauna is: 


1 Spirifer mesastrialis Hall (c) 
2 Orthonota (?) parvula Hall | (r) 
3 Ptychopteria sp.. ; (a) 
4 Leptodesma sp. (rr) 
5 Lyriopecten priamus Hall (r) 


This outcrop shows clearly enough the survival of a few 
species of the Chemung fauna, after the appearance of the lower 
red shales, on the return of the conditions under which the 
Chemung rocks were deposited. _ 

Along the Delhi highway from Spring lake. to the southeast — 
the rocks are generally covered for some 155 feet so that it was_ 


_ not possible to decide upon the line between the Oneonta and 


Chemung formations. However, one mile southeast of the lake 
on the road just above the school house of district no. 10 in the 
southwestern part of Meredith is an outcrop of 15 to 20 feet of 
red argillaceous shale which is evidently in the upper part of 
the Oneonta formation. It is probable that this ledge is near 
the top of the formation since on the other side of the divide 
the massive greenish sandstone to the southeast of West Mere- 
dith is only about 30 feet higher. As far as noticed, from the 
school house to Delhi the rocks when exposed are the reds and 
grays of the Oneonta formation. This section has been studied 
by Mr William L. Fisher, and various other sections in the — 
vicinity of Delhi and the reader interested in the geology of this 
valley is referred to the following account which he has prepared 
for this report. | 
The township of Delhi, in which is located the county-seat of 

Delaware county, is situated very nearly in the center of the 
county, on both sides of the west branch of the Delaware river. 
As will be seen by referring to the map it contains within its bor- 


ders rocks of three different formations. The southern portion 
of the township is covered by the Catskill, the northwestern 


corner is crossed by a narrow belt of Chemung, while the north- _ 


ern part lies within the area of the Oneonta. 
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The township of Meredith lies just north of Delhi, and as its 
geologic formation is so much like that of the greater part of ; 
Delhi it has seemed best to describe them together. The rocks 
found in this township are all of the Oneonta formation, except 
‘the small area in the southwestern corner which is Chemung. 
_ In this region the first section to be studied is that of Watauga 
- falls and Hall’s hill, represented graphically on section 65 EK. 

Watauga falls are located in a small glen about one mile ~ 
northeast of the village of Delhi, and are formed by Honest — 
brook just before its junction with the Delaware river. The 
section in detail is as follows: | 

30 feet from the river level to the top of the water in the old” 
mill pond. This is mostly covered except for a small exposure 
of massive sandstone just below the dam. | 


55 feet of very heavy, red Oneonta sandstone in layers from 


three to 10 feet thick forming the lowest fall. This rock con- 
tains some worm trails, and on the surface of one of the layers is — 
seen a very good specimen of ripple marking. 

15 feet, mostly covered, marks the short distance up the brook 
to the base of the second fall. 

42 feet of very fine red shale forms the second fall. A careful 
search for fossils revealed nothing except one very good speci- 
men of fucoid, a plant about one foot long and ge several 
branches. 

Immediately above this is the third fall of 38 feet, over a ledge 


the lower part of which is red shale, and the upper part the - 


heavy, red sandstone like the first fall. The surface of some of - 
the shaly layers is sun-cracked, and in the sandstones there are 
several large pot holes. This sandstone appears as a prominent 
ledge along both sides of the glen, while the shales below it are 
nearly covered by the talus slope. Near the base of this sand- 
stone and just above the road was found a small lenticular layer 
of a very soft, light gray shale. The layer was only a few feet in 
extent and about two inches thick, and in appearance and hard- 
ness much resembled soapstone. 

Above the top of this fall the rocks are covered for a distance 
of 490 feet, or until we approach the summit of the hill known 
as Round Top, which is just east of the Watauga falls glen. 

Near the top of this hill is a nine-foot ledge of red Oneonta 
sandstone showing the best example of ripple marking that has 
been found anywhere in this region. A few hundred yards 
farther to the east is a four-foot ledge which seems to occupy 
very nearly the same position as that just described, but which 
is composed of gray sandstone instead of red. The sandstone 
in this ledge is very thin bedded, the layers varying from one 
fourth to one inch in thickness and in some places they show 
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that very curious crossbedding which is characteristic of the 


Oneonta, and which is mentioned by both Mather and Vanuxem 
in the New York state reports”. 

71 feet covered, brings us to a 15-foot ledge of coarse, thin 
bedded gray sandstone on the hillside just in front of the home 
of Mr Elmer Hall. This ledge, like all the others on this hill, 


- shows no fossils except occasional fragments of plant stems, but 
_ in lithologic character the rocks agree perfectly with the typical 


Oneonta found in other portions of the county. 

Above this ledge there is five feet covered and then a ledge of 
five feet of red sandstone. 

45 feet covered, five feet of gray sandstone, and 10 feet covered 
brings us to the top of the hill, which is the highest point of 
ground on the divide between Elk creek and Honest brook. 

It will be noticed by referring to the Geologic map of New York 
that Mr Darton claims a large island of Chemung rock covering 


the top of the hill between these two streams. The island as he 


represents it should be about four miles long by one mile wide, 
and at least 200 feet in thickness. A very careful search failed 
to reveal anything in the nature of Chemung as characterized 
either by its fossils or by its lithology. The rocks, as indicated 
by the section, being the coarse red and gray sandstone showing 
all the features of the typical Oneonta. 

From this station a trip was made over onto the hill lying 
between the east and west branches of Honest brook where Dar- 
ton claims another island of Chemung; somewhat smaller than 
the other, but yet about. two miles in length. The work here 
met with the same result as that on Hall’s hill, in that it proved - 
that the island of Chemung does not exist. The three small 
ledges which were found bear unmistakable evidence that the 
rock is all of the Oneonta formation. | 

These islands, as well as the four others which Mr Darton 
represents on his map, must have been placed here simply on 
account of the altitude of the bills and the supposed stratigraphic 
position of the Chemung formation, and with no reference to the 
thinning out of this formation in the western part of the county, 
nor to its entire disappearance before it reaches Delhi. 

The next section is the one called the Fish’s quarry section. 
It starts at the river near Mr D. L. Wight’s farm and extends to 
the top of the hill west of Meredith street in the northern end 
of the village of Delhi. It will be noticed, by comparing this 
section with that of 65 E, that the rocks represented in this cor- 
respond in elevation to the 490 feet represented as covered be- 
tween the rocks in Watauga Falls and the lowest ledge on Round 


a Geol. of N. Y. First district. 1843, p. 299. William Mather. 
G2 ol. of N. ¥. Third district, 1842, p. 187. Lardner Vanuxem, 
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Top. By combining these two sections, which are only one half 3 se 

mile apart, we can get a nearly continuous exposure of 800 feet. | ‘ 
The section is as follows: | : 2 Sd 
490 feet covered. This represents the small hill between the 


river road and the Meredith road, which is partly of glacial xe 3 = 
origin and in which the rocks are entirely covered with sand, | 


16 feet of red shales and gray sandstone in Fish’s new quarry.  __ 
In the red shales in the lower part of the quarry are found 
numerous sun cracks and some fucoidal markings. Ononespeci- 
men is a part of a small Lamellibranch ‘shell, but it is too poorly = 
preserved to admit of identification. It is a shell about one 
fourth inch in diameter shaped somewhat like a Nucula, andthe ~ 
surface is ornamented with several quite. strongly marked, con- 
centric lines. Its position in the bright red Oneonta shales so 
far below the base of the Chemung gives it a peculiar interest; 
and we can only hope that further search in the same region = 
may furnish more specimens from which the species may be = 
identified. The gray sandstone for which the quarry is worked 
and which is used both for flagging and for building stone, con-— 
tains large numbers of-fragments of plant stems. In some of 
the layers the surface is almost entirely covered with these frag- 
ments, varying in length from one inch to one foot and in width 
from one line to several inches. Other layers have the surface — 
curiously mottled with large, light gray, clay pebbles. 

14 feet, covered. 
soy LS feet, heavy gray sandstone in the old quarry which is now 
pe doued Here the sandstone is more massive than in the 
other quarry, and the plant fragments are more numerous and 
better preserved. 

20 feet, covered. 

Eight feet thin bedded, coarse grained, gray sandstone. 

15 feet, covered. 

12 feet, red sandstone showing worm trails and fucoid mark- | 
ings. | 
18 feet, covered. : 

10 feet, gray sandstone. One layer of this sandstone shows 
some very curious markings on its upper surface. They are ~ 
rounded pittings varying from one fourth to one half inch in 
diameter, some of the largest being fully one fourth of an inch in 
depth. The opposite side of the layer, which is nearly one half — 
inch in thickness, shows a small elevation corresponding to the © 
hollow on the upper surface These markings covered quite a 
large area in this ledge, and what is probably the same layer 
was discovered later in a ledge on Van Dyke’s hill about one 
fourth of a mile further east. 
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20 feet, covered. 

Eight feet, gray sandstone. This ledge shows very nicely the 
curious crossbedded aCe; called by Vanuxem the “ ob- 
lique laminae of deposition.” The layers which are all about 
one half inch in thickness appear to dip in three or four different 
directions all in the same ledge. 

41 feet, covered, brings us to the top of the hill, and to the end 
of the section. 

From this point the top of this ridge of hills, between Honest 
brook and Steele’s brook was followed as far as Meredith. Dar- 
ton claims this entire distance to be covered by Chemung, but 
the most careful search failed to reveal a single Chemung fos- 
sil, and the only outcrops which appeared along the route were 
five small ledges of typical Oneonta shales and sandstones. 

The top of the big round hill just west of the village of Mer- 
edith is capped by a three-foct ledge of gray sandstone, which 
is in lithologic character far removed from the fine grained 
Chemung which the Geologic map of New York says should be 
found in this region. 

Federal Hill, no. LXV A, is situated on the southeast side of 
the Delaware river, just howe the village of Delhi. The sec- 
tion starts from the level of the river just above the dam, and 
runs in a nearly straight line to the place where the old wood 
road crosses the top of the mountain at a point directly opposite 
the home of Mr William H. Fisher. The measurements for this 
section were all taken with a Locke level, and so are more accu- 
rate than those of either of the others. 


The section in detail is: 

121 feet, covered. 

84 feet, a conspicuous ledge of red shale capped by gray 
sandstone layers. This ledge is near the bottom of the hill, just 
behind the house owned by Mr Thomas Farrington, and the 
sharp contrast of color between the shales and sandstones makes, 
it a very striking feature of the landscape. 

117 feet, covered. 

32 feet, red shales and red sandstone ledge. 

60 feet, covered. 

12 feet, gray sandstone ledge. This ledge contains also a 


small lenticle of soft, lumpy, gray shale, about four inches in 
thickness. | 


53 feet, covered. 

Nine feet, thin bedded, coarse grained, gray sandstone. 

38 feet, covered. 

10 feet, massive red sandstone. 

145 feet, covered. 

20 feet, gray sandstone. This ledge forms quite a conspicuous 
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terrace near the vat of the hill, and can be traced for quate a3 
distance. 

90 feet, covered. 

16 feet, massive red sandstone. This ledge forms the top of 
the hill at this point, although a little farther toward the south 
the mountain rises some 50 feet higher. é 

It will be noticed, by referring to the maps, that the top of this 
Section is very near to the line between the Oneonta and the 


Catskill. However it seems best to regard the rocks here de- 


scribed as being entirely of the former formation, and to con- 


_ Sider that this ledge of red sandstone is very nearly if not quité 


the upper member of the Oneonta formation. This Oneonta-Cat- 
Skill line can be only an arbitrary one as in this region the rocks 
are so nearly identical in their lithologic characters as to be ante 
indistinguishable. 

This same line of hills was crossed at three other places in 
this vicinity, namely, at East Delhi about two miles farther 
toward the northeast, at Delhi village about one fourth of a 


mile south, and at Scotch mountain three miles to the south. 


The sections show such great similarity that it seems unnéces- 
Sary to describe the other three fully. The rocks are all of. 
the typical Oneonta, the shales being red and soft, while the 
coarse grained, gray sandstones in thin layers, and presenting © 
the curious crossbedded appearance, belong, very certainly, to 
this formation. 

Mr Darton claims a‘“narrow belt of Chemung, as capping 
the hills on the eastern side of the Delaware river in this region, 
and extending eastward into the adjoining counties. He says 
that the Chemung is ‘here represented ‘by a heavy mass of 
coarse, gray, crossbedded sandstones with flaggy layers. Its 
thickness averages about 250 feet.” But as there are to be found 
no traces of Chemung fossils in this region; and as it is impos- 
sible to identify any considerable thickness of the gray sand- 
stone which does not show intercalated beds of red sandstone 
and shales, it seems better to consider that the Chemung has 
entirely disappeared, and to regard the Catskill as lying ae 
upon the Oneonta. 

WILLIAM L. FISHER 

The rocks seen along the Delaware river across Delhi township 
are mostly red shales and sandstones with some gray or greenish 
gray rocks. They apparently belong in the Oneonta formation 
as they are represented on the Geologic map of New York. Ceol. 
Jewett stated that Mr Way collected Chemung fossils at Delhi® 


a 15th an. rep’t regents on State cabinet of natural history, 1862, p. 198. Also in Am. jour. science, 
2d ser., 24. 418. 
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but we were not fortunate enough to find any in place although 
some were found loose along the tributaries of the Delaware be- 
low this village. 
_ Along the lower course of the Holmes Hollow brook, one mile 
above Delancey, in the eastern part of Hamden and western part 
of Delhi townships are loose pieces of bluish shales containing 
some fossils as Liorhynchus, large and small Crinoid stems and 
an occasional other specimen. Some rather calcareous pieces — 
contain very poorly preserved specimens of a-large Spirifer. The 
list is: . 
1 Chonetes scitula Hall 
2 Liorhynchus mesacostalis Hall 
3 Orthoceras sp. 


These loose pieces may be from ledges along this valley and 
of Chemung age. They are hardly rounded enough to have been 
transported any considerable distance by water. Unfortunately, 
the slopes of the steep hills lining this narrow valley are covered 
by drift almost to their tops so that there is not much opportu- 
nity to hunt for these fossiliferous shales in place. On the 
northern side of the brook near the western line of Delhi town- 

ship, about 400 feet higher than the river road is a thin bedded, 
~~ coarse grained grayish to greenish gray sandstone, (LX VB?) with 
an exposure of 16 feet. In the field below these ledges are large 
blocks of loose reddish sandstone. Then about 75 feet are coy- 
ered when another ledge of thin bedded gray sandstone 29 feet 
thick is reached. Above for 45 feet it is apparently red shale - 
mostly covered and this is capped by a ledge of gray sandstone 
some 25 feet in thickness. For the next 70 feet the rocks are 
covered, then a ledge of thin bedded, gray sandstone five feet 
thick occurs near the summit of the hill on which are numerous 
blocks of unworn red sandstone. The rocks just described 
forming the upper part of this hill are represented on the 
Geologic map of New York as in the Chemung formation but their 
texture and general lithologic appearance are similar to those of 
the lower part of the Catskill formation in the eastern part of 


Delaware county. This section may be represented by the fol- 
lowing diagram: 
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Along Bagley’s brook east of Delancey (formerly Lansingville) 
a few fossils were found in loose pieces of shale similar to those 
in the Holmes Hollow brook: 


Spirifer mucronatus Con. 


fat 


2 8. mesastrialis Hall 

3 Sphenotus contractus Hall 

4 Microdon (Cypricardella) tenuistriatus Hall 
The lower slopes of the hills along this stream are also covered 
by soil, drift and gravel so that there is no opportunity to ex- 
- amine the bed rocks. Higher in the hills are red and gray sand- 
stones and shales. es 


| LXV A. On the eastern side of the Delaware river to the north- 
east of Delhi is a steep hill known as Federal Hill. Along the 
Federal Hill road from the Delaware valley road nearly to its 
summit are frequent ledges of red sandstone and shales alter- 
nating with grayish sandstones. Near the summit of the road 
is more of the gray sandstone below which the rocks are prevail- 
ingly red. In the field on the south side of the road, about 65 
feet above the base of the coarse gray sandstone exposed on the 
road near its summit, is the top of a ledge of thick, gray sand- 
stone. However, there is a zone of red between the top and 
bottom of this mass of gray sandstone. On the Geologic map of — 
New York the Oneonta sandstone is represented well toward 
the summit of Federal Hill, which is apparently correct, but its 
top is mapped as capped by Chemung. ! 

On the hill south of the Delaware river in the western edge of 
Stamford township, opposite Bloomville, are quite thick ledges 
of sandstone near the boundary line between the Oneonta and 
Chemung formations as represented on the Geologic map of New 
York. ‘First there are ledges of about 40 feet of greenish gray, 
coarse grained sandstone. In the lower part of these sandstones 
are specimens of Rhodea pinnata Dn., which are common in one 
place. Succeeding the gray sandstones are those that are red- 
dish and thin bedded, at least 35 feet thick with a layer of gray 
sandstone about 20 feet above their base. Then the rocks are 
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covered for about 14 feet when a ledge of massive, quite thick 
bedded, gray sandstone, from eight to 10 feet thick, occurs and 
this is capped by red sandstone. With the exception of the 
plants no fossils were found, and the rocks more nearly resemble 
the Oneonta. or Catskill than the Chemung. 

On the hill te the south of Almeda, a station about half way 
between Hobart and Bloomville on the Ulster and Delaware rail- 
road there is, for about 80 feet from the railroad, for the most 
part soft, argillaceous shale; then a ledge of coarse, greenish 
gray sandstone is reached which is about 35 feet thick. Above, 
the rocks are partly covered, but there are quite frequent ex- 
posures of red shales and: sandstones which extend nearly to the 
top of the hill, 180 feet higher. The top of this hill to the north 
of Rose’s brook is apparently in the Chemung formation as 
colored on the Geologic map of New York. Again, the dividing 
line between the Oneonta and Chemung is represented as run- 
ning near the clove road south of Hobart. On this road near 
the head of the clove is a bank of soft red shale 10 feet in thick- 
ness. On the clove road and bank of the brook some 180 feet 
lower than the red shales are coarse, grayish, irregular bedded 
sandstones between red shales. The upper part of the ledge is 
coarse grained red sandstone with the same texture as the gray 
sandstone. There are layers of breccia with clay pebbles, 
slightly calcareous, but no fossils were found. There is so much 
red shale in this vicinity that the roads and fields are colored red 
from it and it makes a fertile country. These outcrops south of 
Almeda in Stamford township and along the clove road seem 
to be in the Oneonta sandstone. 


Roxbury 


To the east of Stamford township and the upper valley of the ~ 
Delaware river is Roxbury, the most eastern township of Dela- 
ware county. It is crossed from the north to the south by the 
east or Pepacton branch of the Delaware river which is lined 
on both sides by steep hills or mountains. On the Geologic map 
of New York the river valley and the lower slopes of the hills are 
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represented as in the Oneonta sandstone, while the higher part 


of the hills igs colored as in the Chemung formation. There are 
fair outcrops along the highways crossing these hills, both to the 
east and to the west of the river, which afford a ready means for 
comparison between them and the Chemung rocks in the western 
part of Delaware county and along the Susquehanna valley. 
LXIV D. One of the best section noted for such comparison is 
the one along the Roxbury and Hobart highway across the high 
hill to the northwest of Roxbury. This section is shown diagram- 
matically in another part of this report; but it is of sufficient im- 
portance to merit a more detailed description. From the bridge 
level over the east branch of the Delaware at Hubbell corners 
for some 73 feet the rocks are covered; but where the road forks 


for Hobart and Bloomville, and lower toward the brook there is 


an outcrop (D’) of 27 feet of red argillaceous shale. On the 
Geologic map of New York the line of separation between the’ 
Oneonta sandstone and Chemung formation is represented as 
crossing the road at this fork. From this fork to the summit of 
the hill on the road is barometrically 880 feet, and along the 
highway there are numerous outcrops of red sandstone and shale 
alternating with gray sandstone; also layers of breccia both red 
and greenish gray in color containing fragments of fish bones. 
On the hill south of the highway and 70 feet above the road 
Summit are ledges of gray and red thin bedded sandstones some 
of which have very much crossbedded structure. On the Geologic 
map of New York the rocks from the Bloomville-Hobart fork 
up to the summit and down the western divide are colored as 
in the Chemung, while the base of the Catskill is represented 
near the top of the high hill south of the road summit. This 
would give at least a thickness of 900 feet for the Chemung on 
this hill. In this section it is difficult to recognize any of the 
characters of the Chemung of the western part of Delaware 
county and apparently, about the same lithologic characters ex- 
tend from the Oneonta sandstone along the river valley to the 
top of the high hill, and it seems to the writer that the conditions _ 
under which the Catskill was deposited have about replaced 
those of the Chemung. 
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of coarse, greenish gray and red sandstone some of which are 
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in place and others not. There are layers of breccia with clay 
pebbles but no fossils were found. In C! there are red: shales 
below, then coarse grained gray sandstone which is reddish — 
above, and the upper 45 feet as far as exposed is red sandstone. 
There are algoid stems in the coarse red shale but no other 
fossils were found. The upper part of the hill (C‘) is apparently 
all red argillaceous shale, some of which is of blocky structure, 
showing on the main Roxbury road about 40 feet below the 
summit of the hill: On the Geologic map of New York the Oneonta 
sandstone is represented along the lower part of the hill while 
above this and reaching its summit is the Chemung formation. 
As is seen from the above section in the upper 270 feet of the 
hill red shales and sandstones apparently. predominate. 

Through the pass between Roxbury and Grand Gorge the 
coarse greenish gray sandstones, and red shales and ee. 
of the Oneonta formation are well shown. 

On the hill about one mile north of Grand Gorge (formerly 
Moresyille) on the northern side of the Bear kill in the southern 
part of Gilboa township, is the following section in the Oneonta 
sandstone. _ 

SECTION NORTH OF GRAND GORGE 
LXIV B 
320’ {———| Top of hill 


35’ | B* Gray coarse bedded sandstones forming a massive 
ledge 10 feet thick at the base 


285’ |——— 

ral Sean be 9 Gerda 
265’ |——— 

40’ | B’ Thin bedded grayish sandstone, irregularly bed- 
ee a ded and forms massive ledge 


225’ | B1 Gray sandstones and shales alternating with red 
to creek level. Partly covered 


Goh ct Level of the Bear kil! 


ef Nae 
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No fossils were found in the above section or in any of the ex- 


posures examined in the vicinity of Grand Gorge. The red — | 
- shales and sandstones of the Oneonta are conspicuous in the hill 


southwest of Grand Gorge and the rocks in the vicinity, of the 
village are represented on the New York map as near the middle 
of the formation which according to the generally understood 
limits of the Oneonta formation seems to be about their strati- 


- graphic position. 


CHARLOTTE VALLEY SECTION 


The Charlotte river rises in the northwestern part of Summit 
township, Schoharie co., and flows generally in a southwest- 
erly direction across the northern part of Delaware co., enter- 
ing the Susquehanna river at Emmons, above Oneonta. To the 
north of the river is a steep range of hills across the southeastern 
part of Otsego co. | separating its valley from that of 
Schenevus creek, while to the south is a wider divide between 
the Charlotte and Delaware river valleys. The rocks along the 
immediate river valley belong mainly in the Ithaca formation — 


while part of the steep hill to the north is capped by the Oneonta 


formation which forms, very largely, the northern slope of the - 
hill on the south. | 
3 Davenport 

Davenport is one of the northern tier of townships in Dela- 
ware co. bounded on the north by Maryland and Oneonta 
township of Otsego co., and on the west by Franklin. The 
Charlotte river crosses the township from its eastern border 
nearly to its western line and receives a number of branches; 
the larger ones from the south. The slopes of the hills are 
pretty well mantled with drift, and no very extensive sections 
were discovered during the hasty examination which it was pos- 
sible to give the township. In general, however, it was deter- 
mined that along the river valley the rocks belong in the Ithaca 
formation; while the upper part of the steep: hill to the north 
along the Davenport-Maryland township line is capped by the 
Oneonta which extends considerably farther northeast than is 
represented on the Geologic map of New York. 
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On the hill north of the Charlotte river, northeast of Davenport 
Center, at an elevation of some 166 feet above the river level are 
ledges of bluish shales (LX XII C’) containing Ithaca fossils. About 
60 feet higher are large, loose blocks of the Oneonta sandstone 
which caps the hill and have probably rolled down from it. On 
the north side of the river, about three fourths of a mile north- 
east of Davenport, almost opposite the mouth of Middle brook, 
and nearly 70 feet above the river road are ledges of bluish 
shales (LX XII A’) in the Ithaca formation from which the follow- 
ing four species were obtained as the result of a few minutes 


search: 
1 Actinopteria boydi (Con.) Hall (a) 
2 Chonetes setigera Hall : (as 
3 Camarotoechia stevensi (Hall) H. & C. (?) (rr) 


Imperfectly preserved. 
4 Phacops rana (Green) Hall | | (rr) 


One fourth of a mile northeast of Fergusonville, by the side of 
the highway, there is an exposure of 15 feet of bluish shales and 
sandstone (LX XIIB?*). The rocks belong in the Ithaca formation; 
but are not very fossiliferous. Specimens of Liorhynchus mesacos- 
talis Hall and Microdon (Cypricardella) gregarius Hall were 
obtained. 

Along a small brook, a northern branch of Middle brook, in the 
northeastern corner of Kortright township about three miles 
southeast of Davenport, are bluish shaly sandstones pe A?) 
containing fossils. Those found were: | 


1 Spirifer mesastrialis (Hall) | (c) 
28. mucronatus (Con.) Bill. (c) 
3 Tropidoleptus carinatus (Con.) Hall (rr) 


The outcrop is perhaps one half mile above the valley road 
along Middle brook and the rocks are in the Ithaca formation. 
_ The hill to the north of Middle brook in the northeastern corner 
of Kortright and southeastern corner of Davenport was ex- 
amined, some 385 feet higher, near its summit and the general 
elevation of the highest land of that region. Toward the upper 


=. 
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part of the hill only ledges of gray, thin bedded sandstone es 
were seen in place. Some of the grayish sandstone shows 
fine examples of oblique bedding. Near the top of the hill — 


part of the sandstone is of greenish gray color and a specimen 


was found containing Amnigenia catskillensis (Van.) Hall, which . 
apparently came from one of the greenish layers. On the surface 
is an abundance of loose, red rock which must have formerly | 


capped the hill, but none was found in place. Mr Fisher has 


given some time to the study of the geology of the southern part | 


of Davenport and he has kindly contributed the following notes: 


The townships of Davenport and Harpersfield form the extreme 
northeastern portion of Delaware county. The country is hilly, 


. but the hills are neither so high nor so steep as those in the more 


central and eastern part of the county. They are drained by the 


Charlotte river and its branches, the river itself being a tributary 


of the Susquehanna. 
The low ground in the valley of the Charlotte, and the bases of 
the hills on either side of it, are made up of rocks of the Ithaca 


formation. The tops of the hills are capped with the heavy — 


sandstones of the Oneonta formation. | 
The lower part of the valley, between West Davenport and 
Davenport Center, was searched pretty carefully, but very few 


exposures of rock in place were found. The country is very . 


largely covered with drift and soil, so that even the deeper cuts 
along the line of the Cooperstown ae Charlotte Valley railroad 
expose only thick beds of sand and coarse gravel. The loose stones 
found along the roadsides and in the bed of the creek, which 
are greenish gray shales and soft gray or brown sandstone, are 


very fossiliferous, and from these loose pieces the following Ithaca — 


fossils were collected. 


1 Nucula corbuliformis Hall 
2 Nuculites oblongatus (Con.) Hall 
3 Palaeoneilo plana Hall 
4 Palaeoneilo emarginata (Con.) Hall 
5 Palaeoneilo muta Hall 
6 Palaeoneilo maxima (Con.) Hall 
7 Microdon (Cypricardella) bellistriatus Con. 
8 Microdon (Cypricardella) gregarius Hall 
9 Macrodon hamiltoniae (?) Hall 
10 Modiomorpha mytiloides Con. 
11 Grammysia sp. 
12 Paracyclas lirata (Con.) Hall 
13 Glyptodesma erectum (Con.) Hall 
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14 Leptodesma rogersi Hall 

15 Actinopteria boydi Hall 

16 Pleurotomaria luca Hall 

17 Spirifer mucronatus Con. 

18 Spirifer mesastrialis Hall 

19 Spirifer tullius Hall 

20 Spirifer medialis Hall 

21 Chonetes coronata Con. 

22 Tropidoleptus carinatus Hall 

23 Camarotoechia contracta (Hall) H. & C. 

24 Crinoid segments | | 

On the north side of the river the only exposure that was found 
was one ledge of coarse gray sandstone, 17 feet in thickness, near . 


the top of the hill about one mile east of Davenport Center. In ' 


this ledge the sandstone is thin bedded, somewhat diagonally 
stratified and presents all the features of the typical Oneonta, 
which is certainly found on the higher part of this ridge of hills. 

On the south side of the river the results were a little more 
satisfactory. Near West Davenport, in a small depression by 
the roadside, were found some large angular blocks of a soft gray 
sandstone containing a few fragments of shells. On the hillside, 
about half way between West Davenport and Davenport Center, 
is a long low ledge of coarse gray sandstone. This ledge, which 
is 15 feet in thickness and is situated about 70 or 80 feet above 
the bed of the river, runs along the face of the hill for a consider- 
able distance. No fossils whatever were found in this rock, 
which fact, together with its lithologic character, a very coarse, 
thin bedded, gray sandstone, leads to its classification under the 
Oneonta formation. From the position of this ledge so near the 
bottom of the hill, it would seem very probable that it marks the 
line between the Oneonta and the softer rock of the Ithaca, which 
has all been worn away and covered by drift. 

In the upper part of a small brook which flows into the 
Charlotte about one half mile below Davenport Center, is an ex- 
posure of about 30 feet of heavy red sandstone. This rock 
forms a series of low falls in the brook just below an old mill 
dam. This exposure, both from the character and color of the 
rock, and from its position near the upper part of the hill is very 
certainly Oneonta. ; 

WILLIAM L. FISHER 


Worcester é 
Worcester is the southeastern township of Otsego co., with 
Maryland on the west, Westford and Decatur on the north, Sum- 
mit township of Schoharie county on the east, and Harpersfield 
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township of Delaware county on the south from which it is. 7 * : 


separated by the Charlotte river. The Schenevus creek crosses 


the northern part forming a narrow valley lined by steep hills 

and in the southern part is the broader valley of the Charlotte : 
river which receives a number of tributaries from the north. 
‘Separating the two valleys is a steep and high ridge which ex- 
tends southwesterly across the southern part of Maryland and : 


the northern part of Davenport and into the eastern part of 
Oneonta and southern part of Milford nearly to the junction of 


the Charlotte and Susquehanna rivers. The upper part of this 


high ridge from its southwestern end northeasterly into the 


western part of Worcester is composed of the massive greenish — 
gray sandstones of the Oneonta formation. This was so repre- — 


sented on the geologic map published in part 1 of this report; 
while on the Geologic map of New York the Oneonta formation 


was mapped as occurring only near the summit of the ridge | 
which it followed for about four miles along the Millford-Oneonta 
and Maryland-Davenport township lines into the western part 
of the last two townships. There are conspicuous exposures of 


the massive Oneonta sandstone on the hill south of Schenevyus 
in the southern part of Maryland which were briefly described 
in the former report®. On the hill to the east of the schoolhouse 
are heavy ledges of the greenish gray sandstone which form 
typical outcrops of the Oneonta sandstone and there are fre- 
quent outcrops of it along this hill to the east. By the high- 


way a little over two miles southeast of Schenevus, red sand- — 


stones are exposed below the gray sandstones. This locality is 
near the Maryland-Worcester line and about 100 feet higher 


than the base of the Oneonta sandstone at XXIII‘, on the hill | 


south of Schenevus. The Oneonta sandstone extends along the 
ridge for rather more than a mile into Worcester township, being 
last seen on the high point near the first road which turns to the 
south. 

XXVIA®. On the top of the steep hill one and one half miles 
south of Worcester and 800 feet above the railroad station at 


a 15th an. rep’t N. Y. state geologist, p. 268, 22 I+. 


+ 
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Worcester are blue shales containing the Ithaca fauna, Spirifer 
mesastrialis Hall being common, and the upper part of this hill 
belongs in that formation. The following species were collected: 


1 Spirifer mesastrialis Hall (r) 
_ 2 Palaeoneilo emarginata (Con.) Hall (?) (rr) 
3 Microdon (Cypricardelia) gregarius Hall (c) 
4 (?) Modiomorpha sp. | (rr) 


XX VI A2. Circumstances did not permit a careful examination 
for fossils in the rocks along the highway down into the valley; 
but some 390 feet lower than the horizon containing the Ithaca’ 
fossils are coarse, bluish, arenaceous shales with an abundant 
Hamilton fauna. The Hamilton rocks extend above the high- 
way corners where one road turns to the southwest and crosses 
Schenevus creek nearly two miles below the village. It was not 
determined whether this zone was about at the top of the Hamil- © 
ton or not but it is certain that there are over 400 feet of Hamil- 
ton rocks in the steep hill south of Schenevus creek at Worcester. 
In the few minutes spent in collecting at A? the following species 
were obtained: 


_ 1 Spirifer mucronatus (Con.) Bill. (r) 
2 8. granosus (Con.) H. & C. (rr) 
3 Tropidoleptus carinatus (Con.) Bill. (a) 
4 Athyris spiriferoides (Eaton) Hall (rr) 
5 Cramella hamiltoniae (Hall) H. & C. (?) | (rr) 
6 Nucula bellastriata (Con.) Hall : (c) 
7 Palaeoneilo constricta (Con.) Hall (rr) 
Bue; maxima (Con.) Hall (rr) 


That there was not the opportunity to make a thorough ecol- 
lection from the Hamilton rocks of this hillside is a matter of 
regret for it is apparently an excellent locality at which to obtain 
a characteristic fauna of the upper part of this formation. The 
general outline of the section may be represented by the follow- 
ing diagram: : 
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SECTION OF THE HILL SOUTH OF WORCESTER 


AD). 9. aN 
BG. fa AS aed | A 
390’ Partly covered 
Sherburne 
7 20) SA 2) Hamelion fauna 


Partly covered 
410’ | A’ Hamilton 


Q’ |——-—! R. R. level at Worcester 


On the hill south*‘of Schenevus creek two and one half miles 
about east of Worcester and 700 feet above the creek level is a 
thin, rather coarse grained sandstone quarry (26B!). A single 
specimen of an imperfectly preserved Lamellibranch shell was 
found belonging either to the genus Actimopteria or Liopteria. 
Still higher in the field are more argillaceous, non-fossiliferous 
shales and more argillaceous sandstones which together with the 
sandstones of the quarry belong in the Sherburne formation. 
The line of division between the Hamilton and Sherburne forma- 
tions may be followed along the side of the steep hill south of 
Schenevus creek nearly to the schoolhouse at the four corners 
in district no. 15, toward the head of Multer creek*, nearly two 
miles southwest of East Worcester. Then the line turns nearly 
to the south and follows the hill on the western side of Multer 
creek through Center valley, crossing it near the center of school 
district no. 18. The line next runs to the north and then south 
across the ridge east of Multer creek, makes a loop on the hill to 


a No name was found on the maps for the largest tributuary of the Charlotte river from the 
north between South Worcester and Charlotteville and the name Multer creek is proposed for it om 
account of the presence of several families of that name in the lower part of its valley. 
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the north of Charlotteville in Summit township, Schoharie co., 
and crosses to the south side of the Charlotte river a little below 
the village and then continues along the side of the hill on the 
south side of the river northeasterly toward Summit village. 


XX VI B?. Along the highway in the upper part of Multer creek, 
district no. 15, about two miles Southwest of East Worcester are 
blue argillaceous shales containing Hamilton fossils and the | 
rocks belong in that formation. This exposure is only a short : 
distance above the road corners and the schoolhouse. The fol- 
lowing species were collected: 


1 Tropidoleptus carinatus (Con.) Hall (a) 
2 Vitulina pustulosa Hall 3 (a) 
3 Spirifer mucronatus (Con.) Bill. BK Gg ke 
4 Nucula corbuliformis Hall : : :. 2(@) 
5 Nuculites triqueter Con. ae : (r). 
6 Macrodon hamiltoniae Hall (rr) 


XXVIB%. On top of a high hill three fourths of a mile south of 
: East Worcester are blue argillaceous shales in the upper part 
of the Hamilton formation. This locality is about one and one 
half miles northeast of B? and approximately 240 feet higher. 
The fossils are as follows: 


1 Spwrijfer granosus (Con.) H. & C. (rr) 


2.8. mucronatus (Con.) Bill. (rr) 
3 ON. tulluus Hall (?) . (rr) 
4 Vitulina pustulosa Hall | (r) 
2 Tropidoleptus carinatus (Con.) Hall | (Gc) 
6 Nuculites triqueter Con. (rr) 
7 Hyolithes aclis Hall ie (rr) 


XXVIB*. On the highway leading into East Worcester, 85 
feet below B®, is a fair exposure of the blue argillaceous shales 
of the Hamilton which are quite fossiliferous, the following 
Species having been collected during a few moments’ search: 

1 Spirifer mucronatus (Con.) Bill. (c) 

2 Tropidoleptus carinatus (Con.) Bill. Pe a Ge (c) 

3 Chonetes coronata (Con.) Hall Heelan a (c) 
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4 Nucula bellistriata (Con.) Hall : (c) 


5 Nuculites triqueter Con. | | " (rr). 
6 Palaeoneilo constricta (Con.) Hall - (rr) 


XXVI Ct On the hill west of Multer creek, about one and one 
half miles below Center Valley schoolhouse, is a small quarry in 
rather coarse grained, thin bedded, bluish sandstones similar to 
those on top of the hill south of Worcester and stratigraphically 
apparently in the Sherburne formation. This formation becomes 
more arenaceous as it is traced eastward and forms thin flags. 
Fossils are rare although the few found indicate the lower Ithaca 
formation to which, perhaps, these rocks should be referred 
rather than to the Sherburne. The list is: 


1 Spirifer mucronatus (Con.) Bill. (r) 

28. mesastrialis Hall (?) ae (rr) 
Broken and imperfectly preserved. 

3 Tropidoleptus carinatus (Con.) Hall (rr) 

4 Lamellibranch shell , (rr). 


5 Fragments of wood 


XX VI C2. With the exception of some rather steep cliffs toward 
South Worcester the hill on the north side of the Charlotte river 
between South Worcester and the Multer valley is largely 
covered by soil. Rather more than one mile east of South Wor- 


cester near the top of the hill 450 feet above the river road are — 


loose, unfossiliferous, shaly sandstones, and some about in place 
that contain Ithaca fossils, as follows: 


1 Spirifer mesastrialis Hall (?) (rr) 

Very imperfectly preserved. q 
2 Microdon (Cypricardella) gregarius Hall (c) 
3 Palaeoneilo plana Hall (rr) 


On the lower part of the steep hill about 90 feet above the 
highway nearer South Worcester is quite a prominent ledge of 


bluish shales. There are a few fossils, T'ropidoleptus carinatus | 
(Con.) Hall being the most abundant. This looks like the transi- 


tion zone from the Sherburne to the Ithaca formation. About 
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100 feet higher on the hill are plenty of loose blocks, apparently 
from higher ledges, containing an Ithaca fauna. 


XXVID. On the western side of the brook valley, one and one 
half miles north of Charlotteville, or about four miles south of 
East Worcester is an interesting section in the upper Hamilton 
which follows the cross road west of the brook valley at the 
“First baptist church of Summit” and is near the township line 
between Summit and Worcester. About 107 feet above the level 
of the valley road by the side of the cross road are soft, blue, argil- 
laceous shales (D?) containing an abundance of Hamilton fossils. 
The list is as follows: 


1 Spirifer mucronatus (Con.) Bill. (c) | 
2 8. tullius Hall (rr) 
3 ON. granulosus (Con.) H. & C. (?) (rr) 
- Very poorly preserved. 

4 Tropidoleptus carinatus (Con.) Hall (r) 
5 Leda rostellata (Con.) Hall (rr). 
6 Schizodus appressus (con.) Hall. (rr) 
7 Chonetes setigera Hall (rr) 
8 Palaeoneilo maxima (Con.) Hall (r) 
9 Nucula bellistriata (Con.) Hall (c) 
10 Nucula corbuliformis Hall — (rr) 


11 Nuculites oblongatus Con. 


About 50 feet higher is the Aaron Silvernaile quarry (D3) 
where some eight or nine feet of blue, flagging stone is shown. 
The sandstone splits into layers from one and one half to four 
inches in thickness and the quarry has been worked to a consider- 
able extent for flagging stone. Above the sandstone are shaly 
layers in which fossils are fairly common. The species listed 
below were collected on the dump heap of the quarry: 


1 Spirifer tulius Hall | (a) 
Abundant in thin layers. 

2 SV. mucronatus (Con.) Bill. (c) 

3 8. Sp. (rr) 


Very poorly preserved; perhaps S. granulosus (Con.) H. & C. 


ite Tropidoteptus brain (Con) Halt) 2A 
5 Glyptodesma erectum (Con.) Hall | 
6 Grammysia bisulcata (Con.) Hall 
f t G.  (Sphenomya) cuneata Hall 
ae 8 Modiomorpha subalata (Con.) Hall (?) 
- ae ig 9 Palaeoneilo constricta (Con.) Hall 
: ee 10 Pleurotomaria sulcomarginata Con. (?) 
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ANNELIDA 
PLANOLITES Nicholson, 1873, Proc. Roy Soc., London, p. 289 
Planolites clarkii nov. sp. 

Horizontal, tortuous, and undulating burrows or tracks which 
are simple, rounded furrows of about equal width throughout 
their length. One undulating track is 26 cm in length and 
4 mm in breadth; while some of the very tortuous ones are con- 
siderably longer, as for example one is 59 cm and 5 mm in. 
breadth. The greater part of the burrows is not filled and is 
smooth. In the better preserved portions of some of the trails, 
however, are somewhat imperfect transverse parallel furrows and 
ridges, one specimen having 18 in the space of 1 cm. The ridges 
are broader than the furrows, varying from one half to three 
fourths of amm in width. These furrows and ridges apparently 
represent the segments of the worm. Other portions of the bur- 
rows are filled with. cylinders of arenaceous’ material, not 
especially different from the matrix, which have a smooth surface 
and show no structure. This filling is probably the sand that was 
passed through the alimentary canal of the worm, although it 
is possible that they are simply casts of trails as have been de- 
scribed by Nathorst. As far as noted these burrows were all in 
the lamination planes of flagstone strata. 

These tracks somewhat resemble Gyrichnites gaspensis White- 
aves? from the Lower Devonian (Gaspé sandstones) of Gaspé Bay, 
Quebec, but they are much smaller and not marked by the con- 
spicuous grooves of that species. 

A specimen was submitted to Prof. Whiteaves who wrote as 
follows: “Your specimen shows parts of the arenaceous filling 
of the burrow or mold, if it is an annelid track, and clearly differs 
from the Gaspé species of Gyrichnites, as you say, by its much 
smaller size. In your specimen, also, there seems to be somewhat 
greater rigidity, and a closer disposition of the transverse annu- 
lations. 

It is not at all easy to make up one’s mind as to whether your 
tracks should be regarded as referable to Planolites or to Gyrich- 
_ mites. For, although the convex filling of your specimen is no 


a Trans. roy. soc. Canada, sec. IV, 1882, p. 109, pl’s XI, XII. 
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doubt scarcely distinguishable from Planolites, yet the concave Raa 
portion, into which it fits, is tranversely and closely annulated, as — 


it were, or at any rate shows transverse markings, a feature which 


is not indicated nor figured in Nicholson’s diagnosis and figure 
of Planolites. In this latter respect, no doubt, your specimens. " 
agree better with Gyrichnites, but they may, also, indicate a 


generic type different from either that genus or Planolites.” 


In regard to the transverse markings it is to be remembered 


that Planolites annularis Walcott from the Cambrian of Wasa 
ton co. N. Y., “shows numerous annulations.”@ 
The specimens might also be compared with Protoscolex ornatum 


Ulrich;® but that species has much shorter and slenderer tracks : 


with much narrower segments. 

Locality: Silvernaile quarry, Worcester township, four miles 
south of East Worcester and one and one half miles north of 
Charlotteville. 

Geological horizon: Near top of Hamilton formation. 

XXVIE*. On the valley road toward East Worcester and about 


one half mile north of the “ First baptist church of Summit ” are 
bluish, argillaceous shales containing plenty of fossils. 


This is a typical exposure of the soft Hamilton shales and the - 


following fossils were found: \ 
1 Spirifer tullius Hall (rr) 
2 Chonetes setigera Hall 


3 (2?) Centronella impressa Hall (c) 
Imperfectly preserved and difficult to identify. | 
4 Nucula bellistriata (Con.) Hall (a) 
Small form. | 
5 Modiomorpha sp. (rr) 
6 Leptodesma sp. : (rr) 
7 Liopteria dekayit Hall ef (rr) 
8 Murchisonia micula Hall (?) (rr) 
9 Teniaculites bellulus Hall (c) 
10 Crinoid segments (c) 


a See 10 an. rep’t U. S. geol. surv., p. 602, and pl. 60, fig. 5. 
bd Jour. Cincinnati soc. nat. hist., 1878. 1: 90, pl. 4, fig. 1. 
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PLANOLITES CLARKII Prosser 


Hamilton formation, Worcester, N. Y, 
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7 Summit 
Summit which is one of the western tier of townships in Scho- 

harie co. lies directly east of Worcester. The central part 
of it is an elevated plateau while in the western part are the 
upper valley and headwaters of the Charlotte river; in the northern 
part streams rise that flow northerly into the Cobleskill and in the 
eastern part streams that flow easterly into the Schoharie river. 

As has already been mentioned the line of division between the 
Hamilton and Sherburne formations crosses the Charlotte river 
near Charlotteville and follows the northern slope of the valley 
northeasterly to within, perhaps, one mile of Summit. Then it 
runs southeasterly along the Westkill into the northern part of 
Jefferson township where it crosses the stream and then turns 
northerly along the eastern side of the valley and around the 
high land east of Summit when it turns easterly and follows the 
northern slope of the hill south of Panther creek across the 
southern part of Fulton township into the Schoharie river region. 

XXVIX. To the south of Charlotteville and the Charlotte river 
is a steep hill rising nearly 600 feet above the level of the river, 
and in the banks below the dam at Charlotteville are blue flagging 
stones (X!) forming a ledge some eight feet thick. There are 
some layers containing plant stems and a few pebbles, and some 
partings of blue shale. The dip is about 1° S60° W. Along 


the banks of the river are plenty of loose stone containing Ham- ._ 


ilton fossils in abundance and the bed rocks resemble the flagging 
stones of the upper part of the Hamilton in the southwestern 
part of Albany co., to which formation this zone is referred. | 
For 400 feet above the river the hillside is covered when a 
ledge of massive bluish gray sandstone (X°) is reached southeast 
of Charlotteville. The stone splits into thin flags, in places is 
somewhat crossbedded and about five feet are shown. No fossils 
were found and it is apparently in the Sherburne formation. 
On the top of the hill southeast of Charlotteville 12 feet higher 
than X*, and near the Summit-Jefferson township line is a ledge | 
of thin, bluish sandstone to arenaceous shale (X5) containing fos- 
sils, specially Actinopteria boydi (Con.) Hall. The complete list is: 
1 Actinopteria boydi (Con.) Hall fon (c) 
2 Palaeoneilo emarginata (Con.) Hall var. . (rr) 
3 Grummysia (Sphenomya) cuneata Hall (?) (rr) 


i Chaminien iohonene nents icon) Hall : 
#5 Spirifer mucronatus (Con.) Bill. (2) : 
a Coane eons sp. 
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To the east of the hill described above, is the former hamlet of 
Morseville in the northern part of Jefferson township on the 
highway from Summit to Jefferson. On the hill east of Morse- 
ville is coarse grained, massive sandstone very similar in general 
appearance to the heavy sandstone seen at the base of the One- 
onta sandstone along the valleys of the Susquehanna river and 
Schenevus creek. Farther south on the hill about two and one 
third miles west cf north of Jefferson village and some 225 feet 
higher are massive deposits of this coarse grained sandstone 
(XX VII A). As far ag the color and lithologic appearance of this 
stone are concerned it would be difficult to distinguish it from 
typical exposures of the Oneonta sandstone in Otsego and Dela- 
ware counties. These ledges, however, are not considered to be 
-stratigraphically as high as the base of the Oneonta sandstone in 
_the Susquehanna valley; but it is thought that similar lithologic 
_ conditions appear at a lower horizon in rocks which are synehro- 
nous with the upper part of the Ithaca formation of .Otsego 
co. Itis believed the record of the observations across Schoharie 
co. will show that the conditions under which the Oneonta sand- 
stone was deposited in Chenango, Otsego and Delaware counties 
occurred earlier and earlier as the formation is followed to the 


eastward till the Ithaca formation finally merged into the 


Oneonta. The change seems to have been about the same as the 
one described in Delaware county where the Chemung formation 
merges into the Catskill. 

XX VII Ct. About one and one fourth miles north of Morseville 
and two and one third miles southwest of Summit village in the 
southern part of Summit township is a conspicuous mound or 
_ circular hill. Its top is approximately 170 feet higher than the 
four corners at Summit and it is a conspicuous landmark when 
seen from the high land to the east of Summit as well as from 
other localities in Summit and Jefferson townships. The rocks © 
are pretty well covered on the mound, but there are some ex- 
posures of shales and shaly sandstones; while the slope is quite 
well covered with loose pieces that evidently came out of the hill. 
Spirifer mesastrialis Hall with a few other species are found and ~ 
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the rocks are evidently in the Ithaca formation. On the highway 3 
not far from the northern foot of the mound just described are — 
bluish shales which break into very small pieces and alternate 
with thick bedded sandstones. No fossils were found and the 
rocks of this outcrop closely resemble those of the Sherburne 


' formation. On the highway immediately to the north of Summit 


are bluish arenaceous shales—typical Hamilton—containing 
numerous fossils. The village is certainly situated on rocks of 


the Hamilton formation. A short distance to the northeast of it 


in a sort of basin cut out of Hamilton rocks is a small, very 
pretty, glacial lake, completely surrounded by fields and woods, 
which may very appropriately be called Summit lake. Its outlet 


forms one of the head branches of the Westkill. A view of the © 
lake from the high hill to the north is given on one of the plates. 


XXVIID. Two thirds of a mile to the north of Summit and 
Summit lake is a prominent somewhat circular hill which may be 
called Summit hill. From its summit a magnificent view in several 
directions may be had. To the south are the western Catskills of 
Delaware co.; to the southwest is the upper valley of the 
Charlotte river with its maze of hills and to the north and north- 
east is the valley of the Cobleskill lined by its steep hills. From 
this commanding position a clear idea of the irregular surface 
carved out of this plateau by the streams may be obtained. On 
the highway ~where the descent begins toward the Cobleskill at 
Richmondville are bluish arenaceous shales containing an abun- 
dent Hamilton fauna. From the highway a section was con- 
structed along the quarry road up the southern side of the hill. 
The first 100 feet are covered and then for a few feet there are 
smooth, bluish shales without fossils. At an elevation of 115 
feet rather coarse, bluish, arenaceous shales begin (D?) resem- 
bling the Hamilton shales in all respects. There are 15 feet of 
these shales containing numerous specimens of Hamilton fossils. 
This zone is still in the Hamilton formation, although very near 
its summit. The complete list of species collected in D?* is as 
follows: : 
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1 Tropidoleptus carinatus (Con.) Hall | (a) 
2 Spirifer mucronatus (Con.) Bill. (c) 
3 8. tullius Hall (c) 
4 Chonetes setigera Hall (rr) 
5 Orthis (Rhipidomella) vanuxemi Hall (rr) 
- 6 Camarotoechia congregata (Con.) Hall & Clarke (?) (rr) 
Broken specimen. 
7 Microdon.(Cypricardella) gregarius Hall en as 
8 Palaeoneilo muta Hall (rr) 
: ane constricta (Con.) Hall (rr) 
10 Nucula corbuliformis Hall (rr) 
11 N. bellistriata (Con.) Hall , ce 5 
12 Nuculites oblongatus Con. (rr) 
; 13 Cimitaria recurva (Con.) Hall (rr) 
14 Grammysia bisuleata (Con.) Hall - (rr) 
15 Goniophora hamiltonensis (Hall) Miller (?) (rr) 
16 Lnopteria dekayi Hall (rr) 
17 Pterinopecten vertumnus Hall (rr) 
18 Dalmanites (Crypheus) boothi (Green) Hall (rr) 
19 Loxonema sp. : (rr) 


Only one whorl; too imperfect for specific identification. 


Above zone D? are much finer shales (D*) which contain an , 

eeasional fossil and resemble considerably the Sherburne shales | 
of Schoharie co. After 20 feet of these shales, however, there 
is an abundantly fossiliferous stratum of the coarser Ham- 
ilton-like shales (D*) but a little more than a foot in thickness. 
Above and below D# are the fine, smooth shales containing only 
an occasional fossil. The fauna of D*‘ is: | 


1 Tropidoleptus carinatus (Con.) Hall (a) 

2 Vitulina pustulosa Hall (rr) 

3 Spirifer cf. granulosus (Con.) H. & C. (r). 
; Internal impressions too imperfect for specific identification. 

4 Spirifer sp. (rr) 

5 Chonetes scitula Hall (rr). 


6 Athyris spiriferoides (Eaton) Hall 
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7 Nuculites triqueter Con. | (rr) i 
8 Nucula bellistriata (Con.) Hall (r) “ 
9 Grammysia (Sphenomya) cuneata Hall | (c) 
10 (?)Prothyris sp. : é (TEs 
11 Liopieria dekayt Hall (rr) ee he 
12 Pleurotomaria capillaria Con. | (rr) 


This is the highest zone of Hamilton fossils found on the hill 
and is considered to mark the top of the formation above which oer 


are the shales and sandstones of the Sherburne formation. 


Above the fossiliferous zone of D+, 39 feet of the smooth, bluish, 
argillaceous shales are shown along the quarry road. These { 


shales which weather to an olive tint and soon decompose into 


soil closely resemble in lithologic characters the Sherburne 
‘Shales, to the base of which formation this zone is referred. The 3 
rocks are then covered for 35 feet when the base of the McDonald | 

& Co’s flagstone quarry (D") is reached near the top of the hill. 


There are 12 feet of rather coarse grained, blue sandstone shown 


in the quarry wall, the upper three feet of which have shaly _ 
pertings. The stone is quarried for flagging though some of the 


layers are rather thick. The sandstone is covered by 38 feet of 


slightly olive and bluish argillaceous shales, (D’) at the western — 


end of the quarry and 381 feet at the eastern end, containing some 
thin layers of sandstone and all weather to a more or less 
brownish color. At one place on the floor of the quarry are fine 


ripple marks. Some time was spent in hunting for fossils over — 


the large amount of debris from the quarry but nothing save a 


few rather poorly preserved specimens of Lepidodendron and 


fragments of plant stems wasfound. From the top of the quarry 
to the summit of the hill is some 20 feet more, all of which is 
covered. On the top of the hill is a monument of the New York 
state topographical survey that is 2428 feet A. T. 
The highway was followed from the beginning of the descent 
to Richmondville and then to Warnerville which is near the top 


of the Onondaga limestone. Along the upper part of the hill — 


are numerous outcrops of Hamilton shales and it is a good 
locality at which to study the upper part of that formation. The 
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_ barometer gave a difference of 1155 feet from the fossiliferous 
band D# to the bridge above the Hamilton gorge in Richmond- 
ville. To this can be added the 26 feet of coarse, arenaceous 
shales shown in the creek in Richmondville which will give at 
least 1231 feet for the Hamilton formation in the northern slope 
of Summit hill. This, undoubtedly, is not the entire thickness 
of the formation since the shales in the Richmondville gorge are 
_too coarse for the shales at the base of the Hamilton formation. 
From the base of the shales in the Richmondville gorge to the 
level of the Cobleskill is 45 feet, which is covered. The above 
section is a fairly accurate one, for the altitude of the Richmond- 
ville railroad station is 1174 feet A. T. and that of Summit hill 
2428 feet, making a difference of 1254 feet between the station 
and the top of the hill; while the barometric section is 1276 feet © 
which is only 22 feet too great. From the Richmondville gorge 
to Warnerville there is a fall of 200 feet which makes at least a 
thickness of 1355 feet for the Hamilton and Marcellus formations, — 
without taking into consideration the dip which would increase 
the amount. The barometric section from the top of Summit 
hill to Warnerville is 1500 feet. This is not far from correct for 
the difference between the Cobleskill railroad station, near the 
same level as Warnerville, and the top of Summit hill is 1526 | 
feet. The diagrammatic form of the above section is given 
in an accompanying figure. 

LI A. The brook on which the Richmondville gorge, mentioned 
above, occurs rises in the northern part of Summit township and 
cuts a deep and narrow gorge on the northern slope of Summit 
hill known as Bear’s gulf. There are numerous exposures along 
this stream to the gulf, and the section given has been con- 
structed from the Cobleskill along this brook through Bear’s gulf 
and to the top of Summit hill. The total thickness of the section 
is not as accurate as the one already described, for it makes the 
difference between the Richmondville railroad station and the 
top of the hill 1340 feet, which is 86 feet too great. The “gulf” is 
a narrow glen bounded by steep walls composed largely of Hamil- 
ton sandstones or coarse, arenaceous shales, a general idea of 
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which is here given; at the top is a cascade also shown | wae % 
the plate, and at the top of that is adam. The land on the west- 
ern side of the gulf belongs to Mr William Harinahs and on the 


eastern side to Mr David Wilday. In part 2 of the magnificent | 


work on the Lamellibranchiata of New York a number of species . 
are credited to this locality and it is certainly a splendid place 
{fcr collecting. There are numerous large blocks in the stream 
which have fallen from the cliffs along the sides of the gulf and 
they are filled with excellent fossils. On the section A’ and A& 
are the exposures for Bear’s gulf, the lower 235 feet of which 
are composed largely of coarse arenaceous shales containing an 
abundance of fossils, while at their top is the base of the high 
cliff. The cliff is composed of shales with rather thick, very 


fossiliferous sandstones and it is 180 feet from its base to the | 


dam at the head of the gulf. Time did not permit a thorough 
search for fossils; but the following fauna was obtained from 
zones A’? and A8, 


1 Spirifer mucronatus (Con.) Bill. (aa) 
The very mucronate forms. 
28. granulosus (Con.) H. & C. | (c) 
3S. _ tullius Hall (c):, 
4 Tropidoleptus carinatus (Con.) Hall (a) 
5 Liorhynchus multicosta Hall (a) 
6 Camarotoechia congregata (Con.) H. & C. | (c) 
7 Productella sp. (rr) 
Broken specimen. < ; 
8 Grammysia magna Hall (c) 
92G. - bisulcata (Con.) Hall 3 (r) 
10 Glyptodesma erectum (Con.) Hall (rr) 
11 Pterinea flabella (Con.) Hall (rr) 
12 Microdon (Cypricardella) tenuistriatus Hall (rr) 
13 Nyassa arguta Hall — (r) 
14 N. subalata Hall ; (rr) 
15 Palaeoneilo emarginata (Con.) Hall , (rr) 
16 Liopteria dekayt Hall (?) (rr) 


17 L. bigsbyi Hall C oi (Fr) 
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18 Tentaculites bellulus Hall (c) 
19 Camarotoechia prolifica (Hall) H. & C. (r) - 
20 C. 7 sappho (Hall) H. & C. (rr) 
21 Orthothetes chemungensis (Con.) H. & C. 

var. arctostriatus Hall — (rr) 
22 Orthonota undulata (Con.) (r) 
23 Orthoceras sp. | (rr) 
24° Chonetes coronata (Con.) Hall 2 (aa) 


There are splendid specimens of the variety that was called 
Strophomena syrtalis Con. 

The next 117 feet above the dam at the head of the gulf on 
the western side of Summit hill is mostly covered when a zone 
of fine bluish to greenish shales is reached (A?) containing an 
occasional fossil as Spirifer mucronatus (Con.) Bill. This outcrop 
seems to be near that of zone XXVII D? of the section on the 
- southern side of the hill. From the base of A” to the floor of the 


| _ quarry is 108 feet, the greater part of which is covered on the 


western slope of the hill. The remainder of the section is the 
same as that described in section XX VII D. 
_ Emmons in describing the rocks near Summit referred the 
higher ones to the Chemung formation, stating that “At Summit 
in Schoharie county, in a deep gorge near the village, the Che- 
mung group occupies the upper part and the higher slopes 
adjacent to it, and also the hills above the village. As yet, 
- however, the fossils of the Chemung narrows are not common or 
numerous; and it seems to be established that the fossils of the 
Hamilton shales go up higher into the shales and flags, and occur 
nearer to the base of the Catskill division or Old Red sandstone, 
than at the west.” , | 
In the above quotation it is not quite clear which gorge is | 
meant, yet it is probable that its rocks are in the Hamilton 
instead of the Chemung formation. As already shown the hills 
to the north and northeast of Summit are capped by the Sher- 
burne formation, or Portage as called by Emmons, and those to 
the south by the Ithaca. 


; 2 Agriculture of New York, 1846, 1:192, 
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Jefferson . : 

To the south of Summit is Jefferson, the southwestern 

ship of Schoharie co., which is bounded on the south 
Stamford and Harpersfield townships of Delaware 0. 


- on the west by Harpersfield and a bet of Summit. Across 


‘¥ 


-taries of the Schoharie river. In the northern part of the to 
‘ship to the east of Morseville and northwest of Jefferson are 

ledges of coarse grained, greenish gray sandstone similar to ie 
Oneonta, which have already been mentioned. pate 

XXVIT B?. To the north of Jefferson village and Middle brook Me 

7 op 
are exposures of thin sandstones and arenaceous shales, with some 
very calcareous layers which are composed largely of Spivifer — 
mesastrialis Hall. These calcareous layers are called “fire stones” ey 
by the farmers and the loose pieces are picked up and used for ie 

_ arches. Some of the rocks were found in place at about the - 
game elevation as the central part of the village; but it is approx- ‘ ae 

imately 190 feet lower than the coarse, greenish gray sandstone 
on the hill two and one third miles west of north of Jefferson 
(XXVII A’). The most abundant fossil is Spirifer mesastrialis Ne 
Hall which occurs in the calcareous layers, but some of the arena- 
ceous shales contain specimens of a few species of el 
The complete list of specimens is as follows: . 


1 Spirifer mesastrialis Hall 

2 8. mucronatus (Con.) Bill. 

3 Camarotoechia exima (Hall) H. & C. 

4 Tropidoleptus carinatus (Con.) Hall 

5 Microdon (Cypricardella) gregarius Hall 


/ 
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6. WM. (Cypricardella) complanatus Hall (rr) 
7 Modiomorpha mytiloides (Con.) Hall (?) (rr) 
8 Palaeoneilo emarginata (Con.) Hall var. Ay Cr) 
9 Nucula bellistriata (Con.) Hall (?) (r) 
IG. corbuliformis (Con.) Hall (?) (rr) 
11 Goniophora cf. hamiltonensis (Hall) Miller (rr) 
12 Leptodesma rogersi Hall (?) (r) 
13 Actinopteria boydi (Con.) Hall - ; (r) 
14 Tentaculites attenuatus Hall (?) (Cc) 


These fossils are believed to occur between 350 and 400 feet 
above coarse, greenish gray sandstones which cap the hill be- 
tween the Westkill and Mill creek to the west of North Blenheim 
in the Schoharie valley. The explanation is that the coarse 
sandstones with the facies of the Oneonta sandstone appear lower 
in the Schoharie valley than in the Charlotte and Susquehanna 
valleys. This replacement of the Ithaca formation by coarse, 
greenish gray and red sandstones in lithologic characters similar 
to those of the Oneonta sandstone is well shown along the Scho- 
harie valley and to the eastward. 

Mather in his report on the first geological district mentioned 
this locality north of Jefferson Academy, as Jefferson was then 
called. He wrote, “shells were seen in many places in the grits 
and gritty shales, between Summit and Jefferson Academy, . 
especially on the high grounds and on the tops of the hills. They 
are particularly abundant’ about one mile north of Jefferson 
Academy.”* He simply mentioned them under the Erie division 
of the rocks, which in his district included the Marcellus, Hamil- 
ton, Ithaca and Chemung groups without referring them to any 
formation. On the Geological map of New York published in 1844, 
all of Jefferson township, except the extreme northern portion, 
is colored as in the Catskill formation. This would make the 
heavy greenish sandstones near Morseville the base of the for- 
mation. The northern edge of Jefferson and the southern two 
thirds of Summit are colored as in the Portage and Chemung 


a Geology of New York. 1844. Pt1, p. 321. 
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formations, the northern part be alee being incl uae in -_ 
Hamilton. ; BS . 
Emmons discussed the rocks at Jefferson to some extent u a me 
the heading of the “Catskill group,” though he apparently cor 
related them with the Chemung. He said, “ Near the village, we rf 
discovered the same fossils as those of Gilboa, namely, the a8 
Oypricardia, Tentaculites, Orthis, ete. Besides the strata of — ait 
crushed vegetables and the diagonal stratification already men- iA 
tioned, Mr Hall has discovered a scale of the fish characteristic | : 
of the Old Red sandstone. In these discoveries we have the facts. er 
Which have settled the character and age of the rocks in the : a e 
southern part of Schoharie, Albany, and those of Greene and — 
Delaware counties. They form one series of rocks, which may ae 
be traced south, southwest and west, through the southern tier 
of counties; and as a few fossils of the Chemung narrows have _ v3 
been found in Gilboa, we are able to connect the series with ie ge 
distant points . west. The Chemung group, which had been “f sm 
supposed to be confined to the southwestern counties, has been on oh 
proved, by the discovery of fossils, to occupy a place also at the 
base of the Catskill series. Of the Dipleura dekayt [H omalonotus pels 
dekayt|, Microdon bellistriata, Cypricardia angulata, the latter a 


is credited to Chemung narrows, while the two former are well ae 
known Hamilton fossils; these, with several others, occur 500 : 
feet above strata which have hitherto been regarded as belong- ey, 
ing exclusively to the Catskill series.’’# oe - 

XXVII BY. On the hill to the south of Jefferson and Middle 


brook is a prominent ledge of massive coarse gray to greenish pe : 
sandstone, with reddish sandstone at the top, which is about). b4 
feet above the village hotel. This ledge in all its lithologic char- 
acters is like the.Oneonta sandstone. Loose on the ground at 
this locality but apparently from this ledge are blocks contain- 
ing Spirifer mesastrialis Hall, some of which contain large num- 
bers of specimens; Bellerophon sp. and a scale “ belonging in all. 
probability to Holoptychius americanus Leidy” according to 
Dr Eastman were also found. The top of the ledge shows quite 


a Agriculture of New York. 1846. 1:196. 
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a heavy dip to the southwest, being at the place measured 2° §, 
46° W. This amount of dip seems to show that the coarse, 
greenish sandstones to the west of north of Jefferson and east 
of Morseville have been carried considerably below the surface 
at Jefferson; in fact if the dip be as great to the east of south 
for the entire distance then the sandstones to the north of Jef- 
ferson (XXVII A‘) must be some 300 feet below the ledge 


(XX VII B) to the south of the village. A view of this ledge was 


given in part 1 of this report on pl. 9. On the Geologic map of New 
York the base of the Oneonta sandstone is represented consider- 
ably farther south than the ledge of greenish and red sandstone to 
the south of Jefferson. 


SCHOHARIE VALLEY SECTION 


Crossing the eastern central part of Schoharie county from — 


the south to the northeast is the Schoharie river,“ which for the 


greater part of its course from Gilboa to Middleburg has cut a 


narrow and deep valley lined by steep and often precipitous hills. 


From Middleburg to the north the valley is generally broader 
although usually lined by steep hills with rocky slopes. It is a 
beautiful valley and the view from nearly all of the high hills: 
io the east or west of the river is inspiring. In the writer’s - 
opinion the valley is one of the most beautiful in the state. 
The course of the Schoharie river has been well described by 
Prof. Guyot who said, “The main Schoharie creek originates at the 
foot of the Schoharie peaks [in the central chain of the Catskill 
mountains|, near the head of the Plaaterkill clove, from which 
it is hardly separated by a slight swell in the swampy. valley 
bottom.” After describing its course through the Catskills he 
continues, “ at the confluence of the Manorkill, it enters the mass 
of the northwestern plateaus, cutting from Gilboa 1033 feet, to 
Middleburg 640 feet, a deep and narrow valley, the bottom of 
which is from 1000 to 1800 feet below the general level of the 

aOn most of the maps this stream is uted. Stuotiarie. preeke pub ou uo eee ne 


length, over 76 miles, its volume of water, and the large area of country drained by it 
and its tributaries, the writer prefers to call it a river. 
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country it traverses, while the occasional flat bottoms in it at e : 7 
Blenheim, Breakabeen, Fultonham and Middleburg, rarely attain 
more than half a mile in width. Its course from Blenheim, : 
through Middleburg, Schoharie and Central Bridge, -where | 


it receives the Cobleskill, is alternately to north-northeast 
and north. From this place instead of following the broad 


valley through which runs the Albany and Susquehanna railroad ~ 
{now Susquehanna division of the Delaware and Hudson R. R.], — 
it leaves it and cutting its way at right angles through the high : 


hills which border the Mohawk, it finally enters that river near 
Fort Hunter, after a course of over 76 miles. 


The contrast of the broad, open valleys between the moun- | 


tain chains above described [the Catskills], and the narrow and 


deep cut of the Schoharie creek when passing thous the 


piateau region is a feature to be noted. 
_ This drainage which sends the waters of the Catskills all the 


way around to the Mohawk to come back by the Hudson, after ‘ 
a course of 175 miles, to within 10 miles of their starting point — 


is certainly remarkable, and betokens a very peculiar physical 


structure. This is made more striking by the fact that on both 


sides of these highlands the waters of the valleys of the Cats- 


kill and Esopus creek flow, as we might have expected, from 


the western plateaus directly to the Hudson river. These three 
streams, which are so near each other, flow in opposite direc- 
tions, and it seems as if this plateau of the Catskills had been 
lifted up on its eastern part to a higher level from which its 
waters were sent in the opposite direction.” — 

The importance of the Schoharie valley for geological investi- 
gation was early recognized by geologists and Mather wrote as 
follows concerning that portion of the valley about to be de- 


scribed more particularly, “The valley of Schoharie creek be- 


tween Middleburg bridge and Gilboa, also offers fine oppor- 
tunities for examining these strata [of his Erie division] and 
the valleys of the small streams that flow into the Schoharie kill 


— 


aAmer, jour. science, 3d ser., 1880, 19: 442-45, 
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offer still better opportunities.’”” While a section “from Esper- 


ance in Schoharie co. up the valley of Schoharie creek to Deep 
* Clove” gives a good idea of the steep hills and narrow valleys, 
and fairly accurate limits for the lower formations. The limits 
and correlations of the later formations not being clearly under- 
stood at that time are not represented with the same degree of 
accuracy. ; 

Emmons referred frequently to the Schoharie valley region 
and in describing this route to the Catskills said, “ The whole 
New York system is traversed by this route, and it leads up a 
beautiful valley, on the sides of which the strata are finely 
exposed in receding terraces or steep escarpments. Beautiful 
‘cascades and splendid scenery gratify the sight at every turn; 
while to the geologist the succession and stratigraphical arrange- 
ment is so clear and satisfactory, that all doubts are dispelled. 
‘The advantages of this route are decisive, in consequence of the 
fine field at Schoharie, where the succession is over a complete 


division of the Helderberg rocks; the Erie division is full and 


complete also, and may be observed first in the rounded hills 
about Schoharie village, dipping in the direction of the route 
of the creek; and the succeeding members slowly follow each 
other, till, finally, at Gilboa, the Catskill rocks are found at the 
base of the high ranges which have hedged in the creek for 
25 miles.’’¢ 

The rocks along the Schoharie river from Gilboa to Middle- 
burg were also measured by Andrew and Clark Sherwood in 
1873 under the direction of Prof. Hall and the section was 
published in 1878.4 

On the accompanying “ Geological section along the Schoharie 
river from Schoharie to Gilboa” the attempt is made to indicate 
something of the topography of the western side of the valley 
and the most conspicuous outcrops of rocks. There is no topo- 


eraphical map of that portion of New York and so on account - 
of the absence of sufficient data it was only possible to indicate © 


the most general features of the topography. 


a Geology of New York. 1843. Pt 1, p. 321. 

b Ibid., plate 25, fig. 5. 

e Agriculture of New York. 1846. 1:197. 

d Proc. Amer. philosophical society, 17 : 347-49. 
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Middleburg 


Biadelohire is the next township in the Schoharie valtey south 


of Schoharie, a famous geological region on account of the excel: | 


lent outcrops of the Helderberg and Corniferous series on ee 
high hills to the west and east of Schoharie village, known as fe 
West and East mountains. On the accompanying geologic section ne 
of the Schoharie river, a section of West mountain 690 feet in és 
thickness is given showing the formations from the upper part | 7 
of the Hudson river into the Onondaga limestone. The section ie 


will not be described more fully in this report since it is outside 
of the formations under consideration. 


The central part of Middleburg township is crossed by the ix 
Schoharie river and the northern end of its gorge may be re- 


garded as terminating near the southern border of the town- 
ship. The geological formations underlying the greater part of 


the township are the Marcellus and Hamilton; the northern part ~ 
of the township is cut down into the rocks of the Corniferous, © 
Oriskany and Helderberg series, and to the south of Middleburg i : 
village near the top of Moheganter hill in the southern part of — 
the township rocks of the Sherburne formation occur. The top. 


of the Onondaga limestone shows in the Schoharie river about 


one half mile below Middleburg village where it makes a small 
fall;¢ and by the Middleburg and East Cobleskill highway cross- 
ing of the brook in the northwestern part of the township, some — 

190 feet above the river level. This gives a dip of over 105 feet 


a mile for the limestone. 


To the east of Middleburg village is a prominent hill, the upper 


part of its western face being nearly perpendicular and the locality _ 


is known as “ the cliffs.’ The rocks are sandstones and arenace 
shales containing Hamilton fossils which belong in the lower part 
of the formation. The view of this cliff given was taken from the 
eastern part of the village. 

XXXVII B2. On the eastern side of the river one mile south of 
Middleburg and about east of the prominent hill on the western 
side of the river known as Vroman’s Nose, are ledges of sandstone 
and shales along the lower slope of the northern part of Mohe- 
ganter hill. The base of these rocks is approximately 160 feet 


a Proc. Amer. philosophical society, 17 : 349. 
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above the Schoharie river at Middleburg and 200 feet of the 
section was studied, the upper ledge being a heavy sandstone 
stratum. The dip is heavy, being 24° S 85° W in one place that 
was measured and on another ledge 24° S 50° W. The lowest 
rocks are not very coarse but rather argillaceous shales in which | 


fossils are rare. Then the shales change to a coarser texture, 
are more arenaceous, Spirifer granulosus (Con.) Hall is common 


and a few other species occur. Above is a bluish, blocky sand- 


stone succeeded by arenaceous shales in which Chonetes coronata 


(Con.) Hall is common. And so the slope of the hill is terraced 
by ledges of sandstone and coarse shales which dip quite rapidly | 
io the south. In the lower arenaceous shales and blocky sand- 
stones fine specimens of Spirophyton velum (Van.) Hall are com- 


mon. These rocks are all in the Hamilton formation and prob- 
_ ably in its lower half. 


1 Spirifer acuminatus (Con.) Hall (rr) 


aS, granulosus (Con.) H. & C. (a) 
a. - mucronatus (Con.) Bill. (g) 
4 8. audaculus (Con.) H. & C. (rr) 
5 N. tullius Hall (rr) 
6 Chonetes coronata (Con.) Hall . (c) 
7 C. deflecta Hall | : (rr) 
oC. mucronata Hall — (cr) 
9 Orthothetes chemungensis (Con.) H. & C. 
var. arctostriata Hall (rr) 
10 Athyris spiriferoides (Eaton) Hall (r) 
11 Stropheodonta perplana (Con.) Hall (rr) 
12 Camarotoechia congregata (Con.) H. & C. (rr) 
13 Liorhynchus multicosta Hall (rr) 
14 Paracyclas lirata (Con.) Hall (r) 
15 Goniophora rugosa (Con.) Miller | (rr) 
16 Modiomorpha concentrica (Con.) Hall (rr) 
17 Glyptodesma erectum (Con.) Hall (rr) 
18 Spirophyton velum (Van.) Hall (r) 


XXXVIID. A section was examined in the southern part of 
Middleburg and across into the northwestern part of Broome town- 
ship, from two and one half to three miles south of the village of 


‘Middleburg and on the eastern side of Moheganter hill. The 


first rocks studied are those of a small stone quarry (D?) in the 


feet of shales with some thin layers of sandstone. In the 8 h 
are plenty of Hamilton fossils; specially in the thin layers a 
some that have a yearn en er Reise: The Toc 


: fossils were collected: 
1 Spirifer granulosus (Con.) H. & C. ie ?) 


The specimens are poorly preserved. Some show impres- es st 
sions of the pustules and one shows fine striae; put imo 
form and general appearance they are like the above ie : 
species. 


Camarotoechia congregata (Con.) H. & c: 
Spirifer mucronatus (Con.) Bill. 

Chonetes coronata (Con.) Hall. 
4) Athyris spiriferoides (Eaton) Hall 

6 Palaeoneilo maxima (Con.) Hall 

oe: emarginata (Con.) Hall 

8 

9 


m co bo 


J aes tenuistriata Hall 
~Nuculites triqueter Con. 
10 Nucula bellistriata (Con.) Hall 
11.N. — randalli Hall 
12 Paracyclas lirata (Con.) Hall ! | Me 
13 odiomorpha subalata (Con.) Halli (?) 


Small specimens. 


14 M. mytiloides (Con.) Hall 
15 Goniophora hamiltonensis (Hall) Miller 
16. Gs truncata Hall 


17 Cimitaria elongata (Con.) Hall 
18 Tellinopsis subemarginata (Con.) Hall (?) 
19 Sphenotus solenoides Hall (?) 


There are no vascular lines on the posterior part of the 
shell. 


20 Microdon (Cypricardella) tenuistriatus Hall 
21 Schizodus appressus (Con.) Hall 

22 Actinopteria boydi (Con.) Hall 

23 Pterinea flabella (Con.) Hall 

24 Limoptera macroptera (Con.) Hall 


‘ 
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25 Pterinopecten undosus Hall (?) (rr) 
~ 26 Ariculopecten princeps (Con.) Hall (?) (rr) 
27 Orthoceras crotalum Hall (rr) 
28 Orbiculoidea (Lindstroemella) aspidium H. & C. " (rr) 


Approximately 340 feet above the stone quarry and south of 
the highway up the hill in northwestern Broome, just over the 
township line, is a small excavation showing blue sandstone (D?) | 
which splits into rather thin layers. No fossils were found in 
the bed rock; although there are plenty in loose pieces of stone, 


on the surface which, however, probably came with the drift. 


On the highway just after it turns south in the northwestern 


-corner of Broome and 145 feet above D‘ are green shales and thin 


sandstones (D‘) which are in the Sherburne formation. On the 
highway 30 feet higher near the turn to Franklinton are red and 


green mottled shales and sandstones (D*). Another prominent 
‘terrace of grayish, slightly reddish and greenish shaly sandstone 
(D?*) appears 65 feet higher. Below this terrace along the high- 


way are shales which are mainly red. At the top of the ridge is 


‘grayish and greenish gray, coarse grained, thin bedded sandstone 


(D”). in the field plenty of loose red sandstone is found. The 
Summit of the hill in the eastern part of Fulton township is only 


about 35 feet higher and this summit according to the barometric 
‘section is 1500 feet above the Schoharie river at Middleburg. On 


the side of the hill are loose specimens of rock containing Hamil- 
ton species, the following having been collected: 


1 Spirifer mucronatus (Con.) Bill. (c) 
2 Tropidoleptus carinatus (Con.) Hall . (r) 
3 Camarotoechia sappho Hall (?) (rr) 
Imperfect specimens. 
4 Pleurotomaria sulcomarginata Con. (?) (eG 


Internal impressions poorly preserved. 


The rocks from D® to the top of Moheganter hill have in general 


the lithologic characters of the Oneonta formation to which they 


would ordinarily be referred. The reds and greenish gray rocks 
on this hill, however, appear stratigraphically much lower than 
the base of the Oneonta sandstone in the Susquehanna valley 
or even in the western part of Schoharie co., so that they 
have nearly, if not completely, replaced the rocks of the Ithaca 
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| Fulton — 

The next township to the south in the Schoharie valley is 
Fulton which lies to the southwest of Middleburg and east of 
Summit. Its eastern-central part is crossed by the Schoharie 
river bordered by steep and high hills that south of Fultonham 


on the western side and north of Breakabeen on the eastern side 


have nearly perpendicular cliffs several hundred feet in hight. 
The western line of hills is broken by the creek at Fultonham 
and again by Panther or Kenhuragara creek between Fultonham 
and Breakabeen, and the eastern line by Keyser’s creek and a 


brook at Breakabeen. 


XXXVII C. In the southern part of Middleburg to the east of 
the Schoharie river is Moheganter hill which extends into Fulton 
township. Three miles southwest of Middleburg village, near 


“the schoolhouse of district no. 11, the face of the hill is cut by a 


small brook and at this locality a road leaves the river road and 
climbs to the top of the high hill. A section was measured from 
the level of the Schoharie river along the brook and highway to 
the top of the hill at this locality which from a geological stand- 


- point is a very interesting study. The section is near the Middle- 


burg-Fulton township line being partly in each township, and its | 


base is about opposite Watsonville on the western side of the 
river. The lower 200 feet are covered, largely by sand; but then 


a ledge of coarse, arenaceous shales and thin sandstones (C?) is 


reached. This ledge is in the woods where it forms a cliff 30 
feet high. The dip is between 13° and 2° 8S, 70° W. The rocks 


contain abundant Hamilton fossils and belong near the middle 


part of the formation: The following fauna was obtained: 


1 Spirifer mucronatus (Con.) Bill. (c) 
28. granulosus (Con.) H. & C. (rr) 
3 Athyris spiriferoides (Eaton) Hall r (c) 
4 Camarotoechia congregata (Con.) H. & C. (r) 
5 Microdon (Cypricardella) tenuistriatus Hall (?) (rr) 


Imperfect and worn. 


_ 


6 Chonetes mucronata Hall (c) 


Specimens larger than the figures of this species. 


5 glee | NEW YORK STATE MUSEUM | 

7 Chonetes deflecta Hall 5 reo eta 
8 Palaeoneilo tenuistriata Hall he . | (Tae hah ict 
9 Macrodon hamiltoniae Hall eS 

10 Grammysia bisulcata (Con.) Hall ie is ae 
11 Tellinopsis subemarginata (Con.) Hall (rr) 

12 Pterinea flabella (Con.) Hall Soe (EEE: 

13. Cyrtolites (Cyrtonella) pileolus Hall (rr) 


From the top of this ledge for 135 feet to the schoolhouse at 
the road corners there are occasional outcrops of arenaceous - 
shales, and then for 305 feet along the road and brook the rocks . 


are mostly covered. By the side of the highway just above the — 


house of Mr George P. Bouck and about one mile above the river . 
road is an outcrop of from eight to 10 feet of Hamilton shales 


(C4). Those at the base are rather fine but the upper ones are 


coarser. The shales are mainly argillaceous and contain numer- 
ous Hamilton fossils. The list is: 


1 Spirifer mucronatus (Con.) Bill. - ; (ry 

2 Cryptonella (Euneila) incklaent Hall | (c) 

3 Athyris spiriferoides (Eaton) Hall (rr) 

4 Productella dumosa Hall (?) | Bercy) 

5 Camarotoechia prolifica (Hall) H.& ©. (rr) 

6 Gomophora hamiltonensis (Hall) Miller (rr) 

7 Nuculites oblongatus Con. ' (Br) 

8 Palaeoneilo constricta (Con.) Hall | , (rr) 

9 Cumtaria elongata (Con.) Hall (?) (rr) 

rt Imperfect. 

10 Actinopteria boyd (Con.) Hall ey a 


75 feet higher and 755 feet above the Schoharie river are very, 


thin, bluish, argillaceous shales (C°). In a layer of somewhat 
coarser shales is an abundance of specimens of Nyassa arguta 


Hall; while a little higher are some thin layers of concretionary ~ 


sandstone. These shales are referred to the Hamilton formation 
and the following fossils were collected: 
1 Cryptonella (Eunella) lincklaem Hall (c) 


2 Athyris spiriferoides (Eaton) Hall (a) 


Abundant in a layer of thin, shaly rock. 
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3 Camarotoechia prolifica (Hall) H. & C. ~ (a) 


Abundant in same layer as above. 
4 Spirifer mucronatus (Con.) Bill. (rr) 
5 Nyassa arguta Hall (aa) 

- 6 Paracyclas lirata (Con.) Hall ) (rr) 
7 Goniophora hamiltonensis (Hall) Miller (rr) 
8 Pterinea flabella (Con.) Hall (rr) 
9 Liopteria bigsbyi Hall (rr) | 

10 Cyrtolites (Cyrtonella) mitella Hall (rr) 


By the roadside 240 feet higher and 995 feet above the Scho- 
harie river are thin, greenish, argillaceous shales and some that 
are arenaceous (C’). These shales are referred to the Sherburne 
formation which they closely resemble in lithologic appearance. 
For the succeeding 125 feet the rocks are well covered though 
there is an occasional outcrop of the greenish shales; then a 
coarse grained, greenish gray sandstone (C8) with crossbedding 
is reached. Then the slope for 115 feet is partly covered with an 
occasional outcrop of the grayish to greenish sandstone. 55 feet 
above the lowest ledge of these sandstones are thinner gray 
sandstones, and in some rather shaly layers a few imperfectly 
preserved fossils were found—a remnant of the Ithaca fauna— 


which at that locality, by the changed conditions of deposition, _ 


had narrowly escaped complete extermination. At 1235 feet 
above the river level is a thick, unusually hard ledge of reddish, 
indurated sandstone. Above, the slope though partly covered 
shows frequent outcrops of red and greenish shales. 95 feet 
above the top of the reddish sandstone at the top of the brow of 
the hill are soft, argillaceous red shales. On the highway about 
20 feet higher are grayish, shaly sandstones (C"), and 50 feet 
higher is another outcrop of coarse grained, greenish gray sand- 
stone. The bedding is somewhat irregular but not thick and 
_ there is a layer of breccia. The only fossils found in place in 
these upper deposits were fragments of plant stems. By the side 
of the road, in loose pieces above the red shales, specimens of 
Tropidoleptus carinatus (Con.) Hall, Spirifer mucronatus (Con.) 
Bill. and Camarotoechia prolifica (Hall) H. & C. were found. It is 


’ not probable, however, that these frasments came from tee part 
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of the hill, but they were undoubtedly left by the ice sheet near a 
the summit of Moheganter hill. On a stone wall in this vicinity = “a 
large flat blocks of sandstone were seen which contained the fol- Be 
lowing species, the first one occurring in large numbers: we. e 

1 Chonetes coronata (Con.) Hall (aa) a : 


2 Tropidoleptus carinatus (Con.) Hall (a) ; os 
3 Camarotoechia prolifica Hall Sete (c) ae 
4 Spirifer mucronatus (Con.) Bill. (r) ei 

5 Athyris spiriferoides (Eaton) Hall ft aaa “(eis 
From this last outcrop to the top of the hill at the corners, men- — ae 
tioned in section XX XVII D, is 40 feet which makes it 1440 feet ae 
above the level of the Schoharie river at its base. The baromet- e = 


ric section from Middleburg village up the Little Schoharie and 
the eastern slope of Moheganter hill (XX XVII D) to the road cor- : me 
ners made it 1500 feet; so in the elevations there is probably nota 
very serious error in the case of either section. This section is 


by Wry 
+ eee? 


here represented diagrammatically. On account of the covered sei 
slope it is not possible to indicate closely the line of division be- — 


wae! Sy ees 


tween the Hamilton and Sherburne formations. There are at f 
least 755 feet of rocks above the level of the Schoharie river be- 
longing in the Hamilton and probably part of the succeeding — i i 
covered 240 feet belongs in the same formation. The 240 feet 
above the covered zone to the base of the heavy red sandstone is ao 
referred to the Sherburne and Ithaca formations, the thickness of = 
which probably should be increased by a portion of the under- : 
lying covered zone. The rocks from the base of the red sand- 
stone (0°) to the summit of the hill are referred to the Oneonta 
formation. It is clearly recognized that to the west of the Scho- pe 
harie river, rocks at this horizon are not red and are not called 
Oneonta but are referred to the Ithaca formation. A little . 
farther east, however, along the Schoharie-Albany co. line 
and to the eastward, the red rocks near this horizon and still 
lower have been mapped and correlated with the Oneonta forma- 
tion. In that region it is impossible to follow any line of di- 
vision between the Ithaca and Oneonta formations, for. the <7 
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Oneonta has replaced the Ithaca in the same manner as the Cat- 
kill replaces the Chemung in Delaware co., and the author 
considers it advisable to follow the precedent of the state sur- 
vey and so apply the term Oneonta formation to these rocks al- 
though it is quite true that they are synchronous with rocks. 
which in the Susquehanna valley are referred to the Oneonta, 


Ithaca and upper Sherburne formations. The above statement | 


explains why the Oneonta formation is represented on the 
Geologic map of New York so much farther north on the eastern 
than on the western side of the Schoharie river; and correctly so, 
provided the lower mass of coarse greenish gray and red sand- 
stones with red shale, which can not be separated from the 
Oneonta formation in its typical region, be referred to that forma- 
tion. On the eastern side of the Schoharie river the author has 
_ referred the rocks to the Oneonta formation beginning with the 
lowest red sandstones or shales of any considerable thickness. 
The sandstones below are frequently coarse and similar to those 
in the Oneonta, but the stratigraphic position and the occurrence 
of a few fossils in the alternating shales have decided the author 
to correlate them in general with the Sherburne formation. On 
the Geologic map of New York the top of Moheganter hill and the 
high land between Breakabeen and Franklinton are represented 


as in the Hamilton formation (the upper partof whichincluded the 


Ithaca and Sherburne formations) but it should be represented 
in the Oneonta for the rocks of corresponding stratigraphic posi- 
tion on the high ground to the northeast of Franklinton and to 
the south and east of Huntersland are so represented. On the 
accompanying geologic map it will be noticed that the 
base of the Oneonta’ formation to the east of the Scho- 
harie river is represented nearer the western brow of the 
steep hills than on the Geologic map of New York and that it runs 
north into the northwestern corner of Broome township and then 
southeasterly along the side of the steep hill to the southwest of 
the upper part of the Catskill creek, till it crosses that creek be- 
low Livingstonville near the county line. To the northeast of 
the Catskill creek across the northeastern part of Broome town- 


: 
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ship into Albany co. the lines on the two maps agree quite 


closely. On the Geologic map of New York published in 1844 all _ 


the high country in Broome and Conesville townships in the east- 
ern part of Schoharie co. is mapped as belonging to the Portage 
and Chemung formations, which were not separated on the map. 5 
Along the highway from the corners at the schoolhouse of dis- — 
trict no. 11 in Middleburg to Houston Corners east of Breakabeen — 


there are occasional ledges of shales and sandstones which are 


in the upper part of the Hamilton formation. Opposite Blen- 


heim hill, the name applied to the high hill on the western side 
of the river between Fultonham and Panther creek, on the road- 


_ side are fairly gritty blue, sparingly fossiliferous shales (X XIX B?) 


from which the following species were collected: 


Pe ee ee 


1 Tropidoleptus cariatus (Con.) Hall / . (Oies2 


ee Camarotoechia congregata (Con.) H. & C. Be Ot 


3 Liopteria sp. | (rr) 


Badly broken specimen. 


4 Modiomorpha subalata (Con.) Hall (?) (rr). 


Imperfectly preserved specimen. 


XXIX A. On the eastern side of the Schoharie below Breaks 


been there is a perpendicular cliff of shales alternating with sand- 


stones rising from the river estimated as between 60 and 70 feet. 


high, then a line of trees, then another perpendicular cliff and 


at the top a third one. A hill crowns the summit and the entire. 


exposure is known as Wauhalla mountain. A view of this cliff 
from near the river road on the western side is here shown. A 
section was constructed from the river level at the highway 
bridge below Breakabeen through Houston Corners: to a 
point near the top of the hill to the north of east of the 


Corners and the diagrammatic form is here given. On the western 


bank of the river at the highway bridge below Breakabeen are 
blue, somewhat irregular shales alternating with blue sandstone 
layers varying in thickness from two inches to a foot. The 
shales at the northern end of the bridge contain large numbers 
of Paracyclas lirata (Con.) Hall associated with other Hamilton 
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fossils; while the sandstone layers contain some different species. 
A layer of ferruginous concretions is noticeable. The dip on the 
_ western bank is from 1° to 14° S 64° W and on the eastern 
bank it is more than 1° in amount, west of south (the exact 
direction and amount were not determined on account of the 
distance at which the observation was made). ; 

The rocks next studied (A’) are in a small brook at Houston | 
Corners, three quarters of a mile east of Breakabeen and 350 feet . 
above the river. The outcrop consists of coarse, arenaceous 
shales to shaly sandstones, the latter containing numerous speci- 


mens of the large Hamilton Lamellibranchs. These rocks are ~ 


clearly of the Hamilton formation and the following species were 


collected: 

1 Camarotoechia prolifica Hall (r) 
2 Chonetes coronata (Con.) Hall (rr) 
3 Spirifer mucronatus (Con.) Bill (?) (rr) 
4 Tropidoleptus carinatus (Con.) Hall : (rr) 
5 Liopteria greeni Hall (rr) 
6 Glyptodesma erectum (Con.) Hall (?) (Tey 
7 Goniophora hamiltonensis (Hall) Miller (TE)s3 
8 Grammysia alveata (Con.) Hall (c) 
9 Phacops rana (Green) Hall (rr) 

10 Microdon (Cypricardella) bellistriatus Con. : (rr) 


11 Crinoid stems 


On the slope of the hill to the north of east of the ledges in 
the brook at the Corners, the rocks are covered for 55 feet, when 
a zone of thin bedded sandstones (A‘*) is reached. This outcrop 
of somewhat crossbedded sandstones about 10 feet thick is im- — 
mediately above the road leading northeast from Houston Cor- 
ners toward the top of Moheganter hill. The dip varies; but — 
perhaps will average 14° S 20° W. The ledge was not suffi- - 
ciently broken to enable one to easily determine whether it con- 
tained fossils or not. About 65 feet above it are thin bluish 
shales (A*) containing abundant fossils. These shales hardly 
form a ledge but from the way in which they lie on the surface 


and are ipadnaes in the Hamilton formation. 
- gpecies were collected: : 3 | = a] 
1 Camarotoechia prolifica (Hall) H. & C. | 
2 Ambocoelia wnbonata (Con.) Hall 
3 Strophalosia truncata (Hall) Beecher 
4 Pterinea flabella (Con.) Hall 
' 5 Nyassa arguta Hall . 
6 Nuculites oblongatus Con. 
7 Palaconeilo constricta (Con.) Hall 
8 Nucula dellistriata (Con.) Hall 
9 Tellinopsis subemarginata (Con.) Hall 
10 Tentaculites bellulus Hall 


no fossils were found. Then there is a covered slope of 75 feet 

when, at an altitude of 585 feet (barometric) above the river, 

the base of decidedly green argillaceous shales (A’*) is reached. 

“These are capped by thin bedded, grayish sandstones and to- 

gether they have a thickness of 25 feet. Careful search was 

Imade in the green shales for fossils, but without success and 

_. the rocks have the lithologic appearance of the Sherburne to 

which formation they are referred. After 15 feet of covered aa 
slope there is a ledge of thin bedded, unfossiliferous bluish gray ; 

sandstone (A!) about 10 feet in thickness. For the remaining © 

upper part of the hill the rocks are mostly covered, two feet 

of a bluish gray thin bedded sandstone outcropping at 685 feet 

above the river, and a two foot stratum of greenish breccia with — 

clay pebbles at 745 feet. The hill was examined 70 feet higher to 

$15 feet, which is near its top, but no further ledges were noticed. 

On this upper slope of the hill, however, are plenty of loose blocks ~ 

of red sandstone probably in place near that horizon or perhaps ~ 

that once capped the hill and through erosion have dropped down ~ : 

its side. In the above section the Hamilton extends fully 480 Sa 

feet above the level of the Schoharie river, and a little more 
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than 100 feet above it green shales and sandstones are reached ~ 
which are apparently in the Sherburne formation. | On the 

_ Moheganter hill section 240 feet higher than the bottom of sim- 
ilar ereenish shales, also referred to the Sherburne formation is_ 
the base of the zone of red sandstone and red and green shale fully, 
100 feet in thickness. The same thickness above the green shales | 
on the Houston Corners hill will carry the section slightly higher 
than the hill was studied. The large amount of loose angular 
blocks of red sandstone, however, seen on the covered slope of 
‘the upper 70 feet of the section indicates the presence of the 
red rocks on that hill somewhere near that horizon. The Sher- | 
wood brothers gave a measured section of the Wauhalla moun- 
tain in their Schoharie river section, the base being the “ gray - 
shaly sandstone” of their no. 18, while the top is in no. 31 a 
““oray sandstone.”* Their section makes the top of Wauhalla 
mountain between 533 and 605 feet above the level of the Scho- 
harie river and near the same horizon as the greenish shales on 
the Houston hill which we have referred to the Sherburne forma- 
tion. ; ey 

XXIX X. The highway was followed up Keyser’s creek from 

Houston Corners nearly to the southeastern corner of Fulton - 
township; but without satisfactory results on account of the 
mantle of drift which conceals most of the rocks. On the creek 
banks some 110 feet above zone A? at Houston Corners are bluish 
shales and sandstones (X*‘) which are probably in the Hamilton 
formation although no fossils were seen. From the creek to 
the highway, approximately 185 feet, the rocks are completely 
concealed; but on the hill northeast of the road there are two 
ledges of coarse greenish gray sandstone, one at 420 feet above 
the creek and the other near the top of the hill at 780 feet above 
the creek. Loose on the hillside between the two outcrops of 
the greenish sandstone are numerous large blocks of the red 
sandstone which evidently occurs somewhere in that part of the ~ 
hill. The stratigraphic position of these red sandstone blocks 
agrees in a general way with its supposed horizon near the top 
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of the hill east of Houston iets This section 1 is 
the following diagram. ae . an 3 


aay X MUX 


_ 420’ |———| Greenish sandstone 


SECTION | OF HILL NORTHEAST OF KEYSER’S CREEK oe 


780’. |-—-—| Coarse greenish sandstone near top of hill fee 


- 


360’ | Large nu mbers of loose blocks of red sandstone 


420° | 1851 Highway. X? covered 
X* Blue shales and sandstones ? 


(pope Keyser’s creek, 110 feet above Houston Corners 


XXIX M. Aboye Keyser’s creek, a smaller stream than it enter 
the Schoharie river at Breakabeen. A section was yer 


ton fossils and the following oe were collected: 
1 Camarotoechia prolifica Hall 
2 Spirifer mucronatus (Con.) Bill. 
3 Nucula bellistriata (Con.) Hall 
4 Grammysia arcuata (Con.) Hall 
5 Homalonotus dekayi (Green) Emm. 
6 Tentaculites bellulus Hall (?) 


next outcrop, consisting of coarse grained grayish sandeteae ary, fe é 
ie ae 


which split into thin layers is 540 feet above M?. -The only ? : 
fossils seen were fragments of plant stems and the outcrop 1s 
well toward the head of the small valley. 100 feet higher, how-— 33 
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ever, or 840 feet above the Schoharie river and probably across 
- the township line in Gilboa, perhaps three miles.from Breaka- 
| been, are fossiliferous rocks (M°). At the base of the outcrop is | 
just a little greenish, argillaceous shale, while above are bluish 
gray, thin sandstones and shales containing some fossils. Speci- 
mens of Tropidoleptus carinatus (Con.) Hall are common, and 
Spirifer mucronatus (Con.) Bill. occurs less frequently. Above 
this fossiliferous zone there is another long drift covered slope, 
but 410 feet higher, near the turn toward North Blenheim, red 
argillaceous shales outcrop on the highway. This section may | 
be tabulated as follows: 


SECTION OF HILL EAST OF SOUTH OF BREAKABEEN INTO 
NORTHERN GILBOA 


XXIX M 

4250’ |_——| M® Red shale near turn to N. Blenheim 

- Oneonta 
410’ | M* Covered 

| 

340’ |——-—_| M® Bluish-gray shaly sandstone with fossils 
100’ | M® Covered 

740’ |——— M* Ooarse grained grayish sandstone 

Sherburne 

540’ | M® Covered 

200’ |\—_——; M? Bluish fossiliferous shales. Hamilton 


200’ | M+? Covered 


0’ |\_——_| Schoharie river at Breakabeen 


. 


AS so much of this iit is covered 2 is difficult to correla a 
different zonts with those of the sections at Houston Ce 
and ee hill. here was no So of the red Bee 


section as in Moliceantor hill and there is a peace: thickness a 


the Ithaca formation. - 3 


‘(XXXVI A. ee. to the western side of the Scholiame ae 


collected: 


1 Chonetes mucronata Hall (?) 
2 Styliola fissurella Hall - 


In certain layers. | 
3 Orthoceras subulatum Hall (?) 
Fragment. 


4 Crinoid segment 


The Sherwood brothers in their Schoharie section give above | 
the Onondaga limestone 25 feet of black slate and shale (dence 
3-5),” without correlating it with the Marcellus; but they aie 
ported that above these lower black shales 305 feet were covered ‘3 
which would more than include the entire Marcellus formation. — 
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In loose blocks in the Mill creek valley probably carried down 
by the creek, the following Hamilton species were collected: 


1 Spirifer mucronatus (Con.) Bill. — (a) - 
Specimens of the very mucronate type. 

2 Chonetes coronata (Con.) Hall : (rr) 

3 Camarotoechia congregata (Con.) H. & C. | (ce) 


To the southwest of Mill creek is Vroman’s Nose which rises 


some 600 feet above the level of the Schoharie river. The lower 


part of the southern face has a steep slope largely covered by 


debris from the upper part of the hill, while the upper portion 


is a perpendicular cliff composed mainly of coarse, arenaceous ~ 


shales and sandstones. . It is certainly a commanding hill when 
seen from its foot or at Middleburg, and when seen from the 
much higher hills to the southwest it looks like a hill blocking 
the Schoharie valley. A picture of this hill which, unfortunately, 


like photographs since taken does not give a very distinct im-_ 


pression appears in Emmons’ Agriculture of New York.” The hill 
was studied in a rather hurried manner but, approximately 250 
feet above the river is the base of the rocks which continue for 


3¢Q feet to the top of the hill, (A*). The lower rocks are dark — 


gray shales above which toward the top of the hill are rather 
blocky shales and thin sandstones. Hamilton fossils occur in 


the shales in moderate abundance while in some of the coarse, | 


shaly-sandstones there are numerous specimens of Spirophyton 
and Spirifer granulosus (Con.) H. & C. These rocks all belong 


in the lower part of the Hamilton formation and according to - 


the Sherwood measured section there are 372 feet exposed in 


the hill, below which are about 200 feet covered.o On the bare : 


sandstone ledge at the summit of the hill are conspicuous glacial 
striae, some of them quite deep, which run W 10° S. 
The following is an approximate section of Vroman’s Nose. 


avy. 1, plate 6, 
, 6 Proc. Amer, philosophical society. 17:348 
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eee 0S eres 


A? Approximate position 
shale on Mill creek 


west of Fultonham, was soleehel hastily studied. This a Ses 
which is here given is about opposite the one of Moheganter- oes 
hill on the eastern side of the river. Along the road for some 8 
280 feet outcrops are very rare, then blue shales occur contain. a 
ing specimens of Chonetes coronata (Con.) Hall, Paracyclas lirata _— aa 
(Con.) Hall and other fossils. From this zone to the summit of i 
the hill the rocks consist of a succession of blue argillaceous’ 
shales alternating with sandstones, all of which are apparently 
in the Hamilton. The highest fossils collected were at 760 feet — 
above the river level and for the succeeding 195 feet the rocks 
are mostly covered till the summit of the highway is reached. ee 
where there is a ledge of bluish gray sandstone. Above the road a 
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‘on the northern side there is a ledge of thin, crossbedded, grayish 

sandstone. From the river to the road summit is, according to 
_ the barometer, 955 feet, which as already stated is apparently all 
Hamilton. If this correlation and Sherwood’s statement that 
the “top of Vroman’s Nose, passes under water at lower end of 
tow-path road [which is just south of Fultonham] ’’” be correct, 
then the Marcellus and Hamilton formations on the Schoharie 
river have a thickness of at least 1670 feet, which, as will be 
shown later is probably an underestimate rather than an over- 
_ estimate of their thickness. To the south of the summit of the 
read, Blenheim hill is considerably higher, perhaps 200 feet, but 
the writer did not have the opportunity to examine it. The 
eastern side of Blenheim hill is very steep and rocky and along 
the tow-path road are cliffs of argillaceous shales and sandstones. 
“The rocks along the highway belong stratigraphically in the 
lower part of the section from Fultonham west across the 
aiorthern end of the hill. 


‘XXVIII X. This section is along Panther creek from the 
Schoharie river to about two miles below West Fulton and then 
up the hill to the southwest of the creek. For about 90 feet along 
the lower part of Panther creek the rocks are mostly covered 
when the foot of the gorge at Bouck’s falls is reached. This 
narrow glen is lined by clifis of coarse shales and thin sandstones 
{X*) which are apparently over 100 feet in hight. Picture rock, 
on the southern bank a little below the falls is some 85 feet above 
the creek level at its base; while from the creek level below the 
falls to the top of the shales under the hotel is approximately 
130 feet, or some 220 feet above the Schoharie river level. The — 
gorge iS narrow indicating its recent formation and has been 
cut from rocks of Hamilton age. Some distance farther up the 
ereek and perhaps not much higher than the top of the shales in 
the cliff at Bouck’s falls is the upper end of the gorge. The 
rocks (X*) consist of shales and sandstones, some of the latter 
being quite massive. On the northern side of the creek the ex- 
posure is some 25 to 30 feet in hight and is labeled the Blarney 
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stone. The dip is ee: heavy, being about 4° 8 30°. We 
Some of the shales contain. numerous specimens of Spirifer os 
granulosus Con. and other Hamilton fossils. On the under side’ Bees 
of a sandstone stratum just above the creek are large numbers of 2 : 
the very mucronate form of Spirifer mucronatus (Con.) Bill. as- ia 
sociated with Chonetes coronata Con. The fossils and the strati- a 
graphic position of the zone show that it is in the Hamiltonforma- - rf ee 


tion. The species listed below were collected at this locality: 3 oo 
1 Spirifer granulosus Con. ‘i fa : : cS : 
2:8. mucronatus (Con.) Bill. - . ohh eee 
3 Tropidoleptus carinatus (Con.) Hall (rr) = ag 
4 Camarotoechia prolifica (Hall) H. & C. . (¢) ‘ : 2 = 
5 Nyassa arguta Hall | st ae = 
6 Orthonota undulata Con. | | (rr) 

7 Chonetes coronata (Con.) Hall re) ats a 


Above the rocky gorge just described, well toward West Ful- 
- ton, Panther creek fiows in a deep gorge, but the sides are covered _ 
with drift, clay and boulders of all sizes so that the bed rocks are He = 
concealed. At the three corners, perhaps one and one half miles | 
below West Fulton, the section leaves the valley of Panther 
creek and follows the highway turning westerly which ascends 3 ee 
the steep hill that rises to the south of the creek valley. The a 
road corners, by the barometer, are some 190 feet higher than the — 
glen at X2 and the slope of the hill for over 800 feet is pretty gen- ee 
erally covered by drift. There are a few exposures along the a 
highway in this 800 feet of elevation, as, for example, X4, 145 feet se 
above the corners where fine, bluish, argillaceous shales and  —-_— 
Somewhat greenish sandstones occur. Again, 550 feet higher, . 
toward the top of the hill and west of the first road turning to — 
the south, is a ledge of rather coarse grained somewhat greenish 
gray sandstone (X°) which has been referred to the Sherburne | 
formation. About 145 feet higher, or by the barometer some 
1280 feet above the level of the Schoharie river at the bridge be- z 
low Breakabeen, are the bluish, argillaceous shales of X®. This 7 
locality is well toward the summit of this part of the plateauan@ 
is to the west of the second road turning to the south. It is am a 
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important outcrop, for some of the thin layers of the bluish shales 
contain abundant specimens of a few species of fossils. Spirifer : 
mesastrialis Hall is a common species and this zone is in the 
Ithaca formation which covers the high part of the plateau to the © 
south of Panther creek and west of the Schoharie river in the 
southern part of Fulton township. In coarser shales above the 
bluish ones the fossils are not so common. The following species. 
were collected in a few minutes and a thorough search would 
undoubtedly materially increase the number: 


1 Spirifer mucronatus (Con.) Bill. (a) 

2 8. mesastrialis Hall (c) 
3 Orihonota undulata Con. - (c) 
4 Sphenotus truncatus (Con.) Hall (a) | 
5 Schizodus appressus (Con.) Hall (rr) : 8 
6 SN. ef. elipticus Hall - (r) 
y Grammysia (Sphenomya) cuneata Hall (?) (r) 

Specimens broken and imperfectly preserved. 

8 Palaeoneilo cf. plana Hall (rr) 

9 Liopteria bigsbyi Hall (r): 
10 Athyris spiriferoides (Eaton) Hall ape oS 
11 Orbiculoidea cf. media (Hall) H. & C. (PE 


The pedicle passage seems to be wider than in the figures of 
this species and scarcely connected at margin. 

About 45 feet higher, lacking but 10 feet of the summit on the 
highway or approximately 1335 feet above the level of the Scho- 
harie river, is a coarse grained somewhat greenish gray sandstone 
(X‘). On the next ridge to the west, atthe same level as X’, is 
another outcrop of the coarse grained, massive sandstone on 
which glacial striae are well preserved, their direction being from 
then e toward thes w. : 


XXVIII Y. Nearly one and one half miles west of West Fulton 
is a road which turning to the south climbs the steep hill on the 
southern side of Panther creek. A section was followed along this 
~ highway which is about two miles west of XXVIII X and partly 
parallel toit. The highway bridge across Panther creek near the 
base of the steep hill is approximately 280 feet above the level of 
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the creek in West Fulton. The rocks wherever exposed along Se 
the lower slopes of the hills bordering this part of the course of 


Panther creek are clearly of Hamilton age. On the highway 375 


feet above the bridge, or 655 feet above West Fulton are coarse, — 


irregular, bluish shales, (Y*) which contain plenty of fossils. The 


species so far as noted in a hasty examination are Hamilton and ~ 


this zone is considered to be near the top of the Hamilton forma- 
tion. About 85 feet higher, or approximately 1190 feet above the 
Schoharie river, is a prominent outcrop of massive, greenish gray 


to bluish sandstone (Y®) on the highway leading south well — | 


toward the corners. The sandstone is quite coarse grained, some 


15 feet being exposed, and one layer shows ripple marks. This — 


zone is referred to the Sherburne formation, and it will be re- 
called that a similar sandstone in the section to the east (X®) 
1135 feet above the Schoharie river was also considered as in this 
formation. Some 195 feet higher on the main east and west 
road on top of the plateau is a ledge of thin bedded sandstones 


{Y"). This ledge crosses the highway just west of schoolhouse 


no. 6, in a straight line about two and one half miles southwest 
of West Fulton, approximately 950 feet higher and is at about 
the -summit of this part of the plateau. The sandstones are 
moderately fossiliferous, Spirifer mesastrialis Hall (?) being the 
most common species. The rocks belong in the Ithaca formation, 
which, as stated in the description of section X covers the high 
part of the plateau to the south of Panther creek. The follow- 
ing species were collected: 

1 Spirifer mesastrialis Hall (?) ie (¢c) 

Too imperfectly preserved to show whether there are fine 
Striae or not. 


2 Palaeoneilo emarginata (Con.) Hall var. (r) 
The form with only a faint posterior constriction. | 
3 Bellerophon patulus Hall gb) Pee 
4 B. acutilira Hall (2) "(pepe 
5 Cyrtolites (Cyrtonella) pileolus Hall (?) (rr) | 
Imperfectly preserved. 
6 Pectinidae sp. (rr) 


Too imperfect for generic identifieation. 
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XXVIII W?. Perhaps one half mile farther west and some 170 
feet lower along the banks of a brook to the south of the road isa 
good exposure of bluish, argillaceous shales. Stratigraphically 
these shales belong in the lower part of the covered interval of 
Y® and being in the Ithaca formation indicate that the greater 
part of the zone Y® belongs in that formation. The species found | 

at this locality are the following: 


1 Spirifer mucronatus (Con.) Bill. (ce). 
Some of the specimens are very wide and mucronate. 
2 Spirifer mesastrialis Hall | (rr) 
oN. fimbriatus (Con.) Bill. | (rr) 
4 Ambocoelia umbonata (Con.) Hall (?) (rr) 
Imperfectly preserved. 
“5 Sphenotus truncatus (Con.) Hall ae Cec): 
6 Paracyclas tenuis Hall | (rr): 
7% Liopteria dekayi Hall ; (rr). 
8 Gomophora sp. (rr) 
Only posterior part of specimen preserved. 
9 Tentaculites sp. (rr) 
10 Grammysia subarcuata Hall , (rr) 


1+ Crinoid segments 


In the above section, if the top of the Hamilton formation has 
been correctly located at Y° then it gives information upon which. 
an estimate of the thickness of the Marcellus and Hamilton for- 
mations may be made. The barometer made West Fulton about 
450 feet above the Schoharie river level, while in Sherwood’s 
section the thickness of the rocks from the top of the Helderberg 
limestone to the base of Wauhalla mountain, which is about oppo- 
site the mouth of Panther creek, is given as 920 feet”. This gives 
920+450+655—2025 feet minus the amount of dip from the mouth 
of Panther creek to the bridge across the creek west of West Ful- 
ton for the thickness of the Marcellus and Hamilton formations. 
If in section XXIX A east of Breakabeen and Wauhalla mountain: 
the zone A®, 585 feet above the Schoharie river, marks the top of 
the Hamilton then it is approximately 485 feet lower than in the 
section XXVIII Y and since the distance between the two locali- 


a@ Proc. Amer. philosophical soc., 1878, 17 : 348-49. 


ately 80 feet a mile. The istanee from the cnanee see Pau 
creek to the bridge west of West Fulton is four and one four 
‘miles and if the dip for that distance is some 80 feet a mile e se 
then the thickness of the Marcellus and Hamilton formations is 
2025—340 feet which equals 1685 feet. he ay 


XXVIII C. From West Fulton a section was followed up was G | 
ther creek to its head in the western part of Fulton township ee ee 


_and there are also layers of blue fiagging stone of fair ich | 
Some of the rather irregular sandstones contain numerous Ba 
meng of Spirifer granulosus (Con.) H. & C. associated with other 
Hamilton species. The quarry’s elevation above Panther creek — 
at West Fulton was not determined, but it is clearly several - 
hundred feet below the top of the Hamilton formation in the — 
lower part of the zone called C! of this section. oes a 
Three and one fourth miles w n w of West Fulton in schnar a ies 
district no. 7 the main branch of Panther creek turns sharply — tea 
to the north; but the section follows the highway toward Sum-_ 
mit and the smaller branch of the creek up the hill to the west. ~ 
Some 490 feet higher than West Fulton, on the south side of 
the road after crossing the west branch of Panther creek and 
passing the road on which the schoolhouse is located, are quite 
thin, bluish, argillaceous shales (C*) certain layers of which con- 
tain abundant specimens of the very mucronate form of Spirifer’ 4 
mucronatus (Con.) Bill. associated with Chonetes coronata (Con.) . aye 
Hall. These shales are clearly in the Hamilton formation. The 2 
following species were collected: 
1 Chonetes coronata (Con.) Hall 
2 Spirifer mucronatus (Con.) Bill. 


Sa ee eae 


3 Cyrtina hamiltonensis Hall (rr) ee 

4 Camarotoechia congregata (Con.) H. & C. (rr) 

5 Macrodon hamiltoniae Hall (?) ro (rr) 
Imperfectly preserved. 

6 Orthonota undulata Con. — | (rr) ‘ 

7 Prothyris lanceolata Hall | | (rr); 3% 


4 
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‘For 50 feet the hillside is covered when another outcrop of 


~ coarser and more arenaceous shales (C3) is reached which also con- . 


\ 


tains abundant Hamilton fossils. The shales are capped, by very 


thin bedded, even sandstones and the zone is clearly in the Ham- 


~ ilton: 
1 Spirifer granulosus (Con.) H. & C. (rr) 
Oe audaculus (Con.) H. & C. (c) 
3 Camarotoechia congregata (Con.) H. & C. (c) 
4 Pterinea.flabella (Con.) Hall | (rr) 
5 Liopteria bigsbyt Hall (?) (r) 


Broken and poorly preserved. 
On the hillside 55 feet above C*, or approximately 595 feet 
higher than West Fulton, are thin, bluish gray sandstones (C*) 


In which a few fossils occur. This ledge is about on a level with 
the small cemetery on the north side of the road, and is appar- 


ently in the Hamilton formation. 40 feet higher is a ledge of 
thin bedded, bluish gray sandstone five feet in thickness. A lit- 
tle below this stratum are loose fossils which seem to have come 


He from this outcrop and apparently show its Hamilton age. At 


the edge of the woods on the south side of the road are ledges 
of rather coarse grained, thin bedded, grayish sandstone (C%). © 
There are from 15 to 20 feet of these sandstones exposed, which 
apparently occur on the north side of the road at a little higher 
elevation. No fossils were found except plant stems; but there 
are numerous clay pebbles in some of the layers. This zone is 
probably near the dividing line between the Hamilton and Sher- 
burne formations and it is a matter of some uncertainty to which 
formation it should be referred. On the highway 50 feet higher 
or 825 feet above West Fulton are bluish to greenish ar- 
gillaceous shales (C) and bluish gray flagging stone. No fossils 
were found and in lithological characters these rocks closely 
resemble those of the Sherburne formation to which they are 
referred. Just south of the turn on the first road turning south 
toward Eminence are thin bedded, bluish gray, flagging stones 
(C*) below which are smooth, bluish, argillaceous shales weather- 
ing to an olive tint and containing some concretionary nodules. 
These shales are about 45 feet above those of C°. 

_ On the highway one and one fourth miles east of Summit, in 
the eastern part of Summit township, on the divide, is a layer 
of rather irregular sandstone (C*) which contains a few fossils. 
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There are also fossils in bls argillaceous shales 
_ just above the a On each side of the summit : 


Desrsiiuiis Hall. The list of fossils is.as follows: 

1 Spirifer mucronatus (Con.) Bill. 
DAS: tullius Hall ; : 
3 Tropidoleptus carinatus (Con.) Hall 

_ 4 Microdon (Cypricardella) bellistriatus Con. 

5 M. (C. ) gregarws Hall 

6 Sphenotus cuneatus (Con.) Hall 

7 Schizodus OREO (Con.) Hall 


branches of the Westkill are coarse, grayish sandstone and 
thinner blue shales (C’—). This ledge is 140 feet lower than | 
the fossiliferous zone of C8 and is propably near the top of ee is 
Hamilton. Fossils occur rather sparingly, the three following 
species having been collected during a few minutes search: ; be 
1 Tropidoleptus carinatus (Con.) Hall 
/ 2 Spirifer sp. 


Fragments. 
3 Nuculites oblongatus Con. 
Large specimen—35 mm long and 19 high. , 


On the western side of the divide going down into the second 
valley, sandstone and coarse shales containing abundant Hamil- 
ton fossils were found 120 feet below the zone C%. Between the ee 
two fossiliferous zones are exposures of sandstones and smooth — 
bluish to olive shales which closely resemble, lithologically, those 
of the typical Sherburne formation. Teo the north of the road | 
and northeast of Summit is a high, rounded hill, known as Cob- : 
ble hill, on which are plenty of these fine shales, the Sherburne 
formation apparently capping the hill. - : re 

The section described above may be represented diagrammane 3 
ally in the following manner: a 
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SECTION UP PANTHER CREEK TO THE DIVIDE WEST OF WEST FULTON 


950” 


945’ 


870’ 


825’ 


95 


755! 


595’ 


540’ 


490’ 


0’ 


XXVIII C 


Divide on road 14 miles east of Summit 


O® Shales and sandstones containing fossils 
Ithaca 


C7 Bluish to olive shales and sandstones on Eminence 
road : 


Cé Greenish shale and thin bedded sandstone 


Sherburne 
C® Thin bedded, grayish sandstone 


Covered 


Bluish-gray sandstone; loose fossils 
. Hamilton 
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Thin sandstones with a few fossils 
C? Coarser Hamilton shales 


C? Fine Hamilton shales 
C1 
Quarry 4 mile west of West Fulton 


Hamilton 
Panther creek at West Fulton 
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The elevations in the above section, although obtained by — 
means of a barometer, are considered fairly accurate for geo- 
logical purposes, since on comparing the elevation of a certain 
horizon of this section above sea level with that of Summit hill 
whose altitude was determined by the New York survey under 
Gardiner it was found that the estimated altitude of the section 
was only 70 feet too great. In estimating the altitude of the 
section above sea level Guyot’s elevations of the Schoharie val- 
ley were used? which were obtained by means of a mercurial 
barometer; while from the mouth of Panther creek to the top | 
of the hill east of Summit, the measurement was made by means ~ 
of an aneroid. | ma oe 

On comparing the altitude of the fossils found at XX VIII C?— oo 
which are thought to come from about the top of the Hamilton, nig 
with that of the highest Hamilton zone in the Summit hill section 
it is found that the Summit fossils are 300 feet higher, or 370 
feet if the correction mentioned above be made. The distance 
between the two localities is two miles which gives a dip of 
from 150 to 185 feet a mile to the southeast. If the above 
calculation be correct and this strong southeasterly dip con- 
tinues to the Schoharie river, then the thickness of the rocks’ - 
in any section continuing westerly for several miles based upon 
the altitude would be too great. This is probably the case for 
the one just described up the Panther creek from West Fulton 
and the altitudes of the section are greater than the thickness 
of the rocks represented in it. 


Blenheim 


Blenheim township lies to the south of Fulton and to the 
east of Summit and Jefferson. Its eastern part is crossed by 
the Schoharie river bordered on the east by a very steep hill 
which in places has almost perpendicular walls several hun- 
dred feet in hight. The central part of the township is crossed 
from the west toward the east by two streams known as the 
Westkill and Mill creek which unite near North Blenheim and 


@Am. jour. science, 3d ser., 19:449. 
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enter the Schoharie river at that locality. Both of these creeks 
have cut deep valleys, specially in their lower courses. 

XXVIII V. This section begins near the level of the Schoharie 
river, two and one half miles south of Bouck’s falls, or about half 
_ the distance from Panther creek to North Blenheim, and follows 
the highway along the Fulton-Blenheim boundary to the north- 
west. Along the river road are smooth, bluish shales (V’) which 
contain very few fossils although they are shown by the overlying 
rocks to be in the Hamilton formation. Just above the first 
house on the road leading up the hill to the southwest in the 
southern part of Fulton township is an exposure of 15 feet of 
bluish, arenaceous, quite fossiliferous shales (V’), approximately 
165 feet above the level of the river. The shales contain a Ham- 
ilton fauna in which formation this zone belongs and the follow- 
ing species were collected: 


1 Camarotoechia prolifica (Hall) H. & C. (aa) 
Very abundant in thin layers. 

2 Spirifer audaculus (Con.) H. & C. (2) (ri), 
Imperfectly preserved. 

3 Ambocoelia umbonata (Con.) Hall (rr) 

4 Strophalosia truncata (Hall) Beecher (?) : (r) 

5 Paracyclas Wirata (Con.) Hall. (rr) 

‘6 Orthonota (?) parvula Hall (rr) 

T Nyassa arguta Hall (rr) 

8 Pterinea flabella (Con.) Hall (rr) 

9 Actinopteria boydi (Con.) Hall (rr) 


A massive sandstone (V*) crosses the road 65 feet above the 
shales and runs along the highway to the northwest for some 
two and one half miles to a point near the first road turning to 
the north, the bed rock being mostly concealed by drift. Ac- 
cording to the barometer the top of this concealed interval is 
595 feet above the massive sandstone of V3, although on account 
of the southeast dip as shown above, it is not probable that the 
concealed rocks have this thickness. Just below the first turn 
to the north -are ledges of rather thin bedded, coarse grained, 
grayish to bluish gray sandstone, 20 feet of which are exposed. 
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No fossils were found. It is uncertain in which formation this — 
ledge belongs and on account of the great thickness of the con- 
cealed rocks it is impossible to indicate the approximate line 
of division between the different formations. For nearly 500 
feet above the sandstone ledge of V® the bed rocks are largely 
eoncealed although there are occasioned exposures of sandstones. 
At this elevation, approximately 1350 feet above the level of the 

Schoharie river, the summit of this section is reached and the 
land is about as high as any in this general region except to the 
south where the spurs of the Catskill mountains are conspicuous 
toward Stamford. On the surface are large numbers of loose 
blocks of coarse grained, grayish sandstone but no pieces of red 
rock were seen. Some of the sandstone is of greenish oray color, 
similar in appearance to the Oneonta formation and like the 
sandstone which will be described later, near the top of the hill 
west of North Blenheim and four miles southeast of this locality. 
The general features are shown in the diagrammatic section — 
reproduced herewith. 

- About two and one quarter miles west of the summit of the 
above section is the village of Eminence on the western line of 
Blenheim and at the corners of Summit and Jefferson townships. 
To the east of the village and some 50 feet higher is a rounded 
highland which forms the top of section XXVIII V. Between the 
two hills is a deep and narrow valley formed by the main northern 
branch of the Westkill. Capping the ‘hill is a ledge of thin 
bedded, coarse grained, grayish to greenish gray sandstone, six 
feet or more showing in the outcrop. No fossils were found and 
the rock considerably resembles coarse layers seen in the Ithaca 
to the east of the Schoharie valley, or even in the Oneonta. Noa 
red rocks in the ledge or even loose pieces were seen. This hill 
is about two and one quarter miles southwest of the Ithaca 
shales of XX-VIII W’ and four and one half miles northwest of the 
coarse sandstone (XX VIII D’) which caps the hill to the west of 
North Blenheim. One barometric reading gives the summit of the 
Eminence hill as 1200 feet above the level of the Schoharie river 
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at North Blenheim, while the coarse sandstone D® west of North 
Blenheim is 650 feet above the river level. If these two zones 
represent about:the same horizon then there is a dip of approxi- 
mately 122 feet a mile to the southeast. 


XXVIII Dt. To the west of North Blenheim is a steep hill be- 
tween the Westkill and Mill creek. The rocks exposed in the 
gorge at the lower end of the Westkill and in the eastern end of 
this hill form an interesting section, passing from the Hamilton 
formation at the base to the coarse grained, greenish sandstones 


near the top similar to the Oneonta. In the Schoharie river at 


North Blenheim are coarse, grayish sandstones which do not 
closely resemble the Hamilton although they are probably in that. 


formation. Some 30 feet above the river is the foot of the gorge in 
the lower part of the Westkill at the falls. The sides of the gorge 
are perhaps 50 feet in hight and the rocks consist of sandstone 
alternating with shales of olive, blue and greenish color. In the 


blue and olive shales below the falls are numerous specimens of 


Paracyclas tenuis Hall, and (?) Beyrichia sp. is also common. This 


exposure resembles the Sherburne formation in lithologic appear- 


ance; but 25 feet higher are blue shales containing a number of 
Hamilton species so that it is perhaps better to regard this zone 


as one of the transitional beds from the Hamilton to the Sher- | 


burne formation. Mather mentioned the fossils at this locality 
stating that “ The gray grits by the falls at the tannery, at North 
Blenheim, contain fossil shells. They were first observed by 


Prof. Vanuxem, who found their stratum about six inches thick. 


Several localities were observed where many species of fine shells 
may be obtained, in the bluish and brownish gritty shales on the 
road from North Blenheim to Gilboa.’”@ 

Mather also indicated the top of the Hamilton on his section 
“up the valley of Schoharie creek ” as near North Blenheim and 
succeeded by the Portage group.2 This is about the same clas- 
sification as that indicated above, since the writer regards the 


aGeology of New York, 1843, pt 1, p. 322-23. 
Hibid., pl. 25, fig. 6. 


a] 


These fossils show that at this horizon the rocks of the Ithaca 
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‘Sherburne formation of eastern New Sok as synchronous w 
_ the lower part of the Portage of western New York. is 


stones alternating bie blue, arenaceous shales, in Home of ‘a sy 
ae with a smaller number of specimens of other pee : 
The complete list is: | e 
1 Tropidoleptus carinatus (Con.) Hall 
2 Chonetes coronata (Con.) Hall (?) 
3 Ambocoelia umbonata (Con.) Hall 


4 Camarotoechia congregata (Con.) H. & C. 


One specimen resembles somewhat GO. stevensi (Hall) H. 
& C. 


me) Cephalopod 


Fragment of shell. 


> 


> tas soe 


Westkill gorge and shows the transitional nature of the bee 
in the lower part of this section. meh 


XXVIII D*. In ascending the eastern ean. of the hill for Pee 
_feet above the shales by the highway the rocks are largely covered. 
At an elevation of 270 feet above the river level, however, are 
plenty of loose, angular shales which evidently came from a ledge — 


6 


rs. 


at about that horizon. These shales are quite fossiliferous con- 
taining a large number of specimens of Camarotoechia stevenst — 


(Hall) H. & C. and an occasional one of Spirifer mesastrialis Hall. 


group are reached. The complete fauna is: 
1 Camarotoechia stevensi (Hall) H. & C. 


Very abundant in a thin rotten sandstone. 


(aa) 


2 Spirifer mucronatus (Con.) Bill. (?) a 


ae mesastrialis Hall 


The fine striae are only faintly shown. 
4 Sphenotus cuneatus (Con.) Hall : 
5 Goniophora carinata (Con.) Hall 
6 Modiomorpha sp. 
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7 Palaeoneilo cf. plana Hall ; (rr) 
8 Lingula sp. (rr) 
9 Grammysia cf. elliptica Hall (rr) 

Similar to the specimen from Ithaca, N; Y., as figured on pl. 
De, fe. 1. 
10 cf. Glossites depressus Hall (rr) 
11 Bellerophon SDan: 2 a tERy 


Fragment of a very large specimen showing a strong mesial 
band with a deep sinus at the front of the shell. 


12 Tentaculites spiculus Hall (c) 

Another bench of shales occurs 310 feet above D? and at this 
horizon quite a number of species were collected from the loose 
pieces though it is not certain that all of them came from this 
zone. The list follows: . 


A Camarotoechia stevensi (Con.) Hall (?) 25 Ces 

2 Spirifer.mucronatus (Con.) Bill. (?) . (rr) 
Poorly preserved. 

3 8. mesastrialis Hall (r) 


Most of the specimens are worn and do not show the fine 
striae, but on the dorsal fold of one they are clearly 
shown. 


4 8. Sp. ° (rr) 
In form and size of plications like Sp. granulosus (Con.) Hall, 
but too imperfectly preserved to show granules. 


5 Crinoid stems. (r) 
. Segments of small ones. 

6 Dalmanites (Crypheus) boothi (Green) Hall | (rr) 

7 Microdon (Cypricardella) tenwistriatus Hall (rr) 

8 Nyassa arguta Hall es 


Same at least as fig. 7 and 8, pl. 53, from Pitcher Springs, 
which is in the Ithaca group. 


9 Sphenotus truncatus (Con.) Hall (c) 
These range from 10 to 20 mm in length and are apparently 
quite good specimens of this species. 


10 Goniophora hamiltonensis (Hall) Miller (?) (r) 
Not clearly preserved but apparently this species. 


11 Palaeoneilo constricta (Con.) Hall 
var. flecuosa Hall (rr) 
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12 Leptodesma cf. rogersi Hall 
The specimens being poorly preserved do not show the spine 
and do not seem to be quite so oblique on the umbonal 


ridge. 

13 (2) Schizodus sp. | ~ (er) 
Badly broken. 

14 Liopteria dekayi Hall (rr) 

15 Orbiculoidea sp. | (rr) 


Broken and poorly preserved. 
On the supposition that this zone and that of XX VIII X® on the 
hill south of West Fulton are at about the same horizon, near the 
base of the Ithaca formation, a calculation was made which gave 


a dip of 174 feet a mile to the south southwest. Again the same — 


calculation was made between this zone and that of XXVIII C8 
on the hill east of Summit which gave a dip of 129 feet a mile 
to the southeast. | 

It will be noticed that this dip of 129 feet a mile agrees very 
closely with that obtained for the sandstone of the Eminence 
hill and D® of this section which is 122 feet. The general agree- 
ment of these several localities seems to demonstrate that this 
portion of Schoharie co. has a considerable southeast dip. | 

XXVIII Dt. A ledge of rather thin shales in which fossils are 
abundant occurs 640 feet above the level of the river. Spirifer 
mesastriaiis Hall and other species of the Ithaca formation were 
found and the entire list is as follows: 


1 Sphenotus cuneatus (Con.) Hall (c) 
2 Orthonota undulata Con. (rr) 
3 Schizodus appressus (Con.) Hall (?) ! (c) 
Rather smaller though near the form of this species. 
4 Grammysia (Sphenomya) cuneata Hall (rr) 
5 Leptodesma rogersit Hall (c) 
6 Lnopteria dekayt Hall i (r) 
ae, Sp. | (ee 
fine concentric striae. 
8 Spirifer mesastrialis Hall (r) | 
9 Lnorhynchus mesacostalis Hall (?) (rr) 
10 Orbiculoidea sp. | (rr) 


11 Tentaculites sp. i (r) 
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| XXVIII D>. Only 10 feet above this terrace of the Ithaca shales 
is a ledge of gray, coarse grained, thin bedded sandstone with the 
lithologic appearance of the Oneonta. 20 feet above its base red 
sandstone was found which was thought to come from a stratum 
at about that horizon but perhaps this is not the case. There 
is, however, some positive support for the supposition that this 
red sandstone is nearly in place since at Gilboa in the Schoharie 
river are red sandstones and shales which according to Sher- 
wood’s section are 666 feet above the gray sandstone which 
makes the rapids in the river at North Blenheim® ; while the red 
sandstone on the hill west of North Blenheim is approximately 
670 feet above the same horizon. 90 feet above the red sand- 
stone is a cliff of massive coarse grained, greenish sandstone, 
forming the eastern end of the hill, at an altitude of 760 feet . 
above the river level. This sandstone in its lithologic appear- 
ance closely resembles the Oneonta although it probably occurs. 
at a lower horizon than the sandstone farther west in Jeiferson 
township which has been called the base of the Oneonta forma- 
tion. : 


XXVIII H2. This section follows the highway from North Blen- 
lieim toward Jefferson along the side of the steep hill to the 
north of Mill creek and is nearly parallel to the section just de- 
scribed. The exposures for the lower part of it are about the 
same as those for XXVIII D, above which the rocks are covered 
for a considerable thickness, and this part is called Ht. At 440 
feet above the river a heavy bedded, quite coarse grained, mas- 
Sive, greenish gray sandstone is reached (H), 30 feet of which 
is shown in the highway and this is succeeded by 35 feet of 
greenish and bluish, smooth, argillaceous shales (H?). No fossils 
were found either in the sandstone or the shales. The eleva- 
tion of this sandstone, 440 feet above the river, agrees closely 
with the thickness of 431 feet assigned by Sherwood to the rocks 
from the rapids at North Blenheim (formerly Patchin Hollow) 
to the coarse gray sandstone which forms the top of the Little 


el 


a Proc. Amer. philosophical scciety, 17:347-48. 
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Manorkill® (this is supposed to be the falls generally called thes ae 
_ Minekill). | 3 
XXVIII H+. On top of the smooth, argillaceous shales of His a 


layer with pebbles making a sort of conglomerate in which 


fossils are common. Succeeding this layer are bluish, argil- — 
laceous shales which also contain numerous fossils. Some of 


the layers in the shale are somewhat calcareous, containing 


abundant specimens of T'ropidoleptus carinatus (Con.) Hall, and ie 


form a sort of fire-stone. These shales constitute one of the 
most fossiliferous zones found in the Ithaca formation and it 


is an excellent locality. for collecting. It will be farther seen 


on referring to the list of 42 species recorded from this zone that 


it is practically Hamilton and furnishes an interesting example 
of the recurrence of this fauna. Spirifer mesastrialis Hall was. 
not noticed in this zone, but in section XX VIII D this species was 
found some 235 feet lower and also higher. The fauna is interest- 


ing and richer than that found at any other locality. 


1 Spirifer mucronatus (Con.) Bill. ; (a) 

28: tulius Hall . (c) 

ae granulosus (Con.) H. & C. (r) 

4 Tropidoleptus carinatus (Con.) Hall (a) . | 

5 Athyris spiriferoides (Eaton) Hall — (c) 

6 Chonetes setigera Hall. (a) | 

Cs coronata (Con.) Hall (r) 

8 Cryptonelia (Hunella) lincklaent Hall . (r) 

9 Palaeoneilo maxima (Con.) Hall | (c) 
AP? emarginata (Con.) Hall (rr). 
11 Pholadetla radiata (Con.) Hall | (CG) pet 
12 Nucula bellistriata (Con.) Hall (rr) 
13 Glyptodesma erectum (Con.) Hall (c) 
14 Orthonota wndulata Con. (r) 
15 M odiomorpha concentrica (Con.) Hall (rr) 
16 UM. mytiloides (Con.) Hall (rr) 
17 M. subalata (Con.) Hall fi: 

_ var. chemungensis Hall (rr) 


aProc. Amer. philosophical society, 17:347-48. 


NakE,4.SLECTION 


ALONG 


MILL CRELA 


From NV. QLENKEIM TowAROUEFFERSON, 
V29 Sunmmir oF ROAD. 
ConRsé 6REENISH-6RAY SANOSTONE 


LOOSE ON SUAFACE. 


No0.kE.Z. SECTION 


ALONG 


MNEMULL CALE 


ONEONTA KZ ; Aurea Cxvercn 


L00SE HEAVY 6FEENISH-GARAY 
CANISTONE 


235.) 650) Alosrey COVERED, BUT LEOCbES 
OF COARSE SANDSTONE. Z 


SS 


YH47S| Mosriy covereo. 
{ze 


OWS ones 


. 


. 


NY 


AOA: 


S 


LOOSE BLUISH SHALY SANOSTOVE 
WITH FOSS/LS. 


MASSIVE EREENISH-64 44 SAN OSTONE. 


Zt | FA0 SANOSTONE AND MOTTLEO SHALE. 
PARTLY COVERED “ano PAATLY 4590 


SLVE SHALES. Z* | 6Creenisn SHALES WITH Spéirtfer 


pruecaslereoLis, 


SLUISH AGILE ACEOUS SAALES 4 AES 


WITH ABLNOANT Fossits. /THAGCA. 


GREENISH AND BLUISH AR 6c ACEous |\F8F Waser Giz e0a, 


SHALES. 


HEANVVY-BEODEO 6REEN/IS H=- EFAY 
SANOSTAONE. 


GO| Laacecy Cove reo. 


z2 
FINE BLVE SHALE WITH FOSSILS. 


/THACA 


COvERED : OCCASIOWAL EXPOSURES 


OF BLVE TO 6REENISH SANOSTONE, 


SHERBURNE 


BLuE MASSIVE SANOSTONE. 


Miné Hier FALLS. 
GLUE SHALE WITH AW OCCASIONAL 


THIN SANDSTONE. 


BLUSH SHALES wirh Few FOSSILS, 
/THACA 


LOweER PART SAME AS Wo. 28,0. 


LEVEL OF ScHOoHAARIE AIVEF. LEVEL OF SCHOHARIE RIVER 


~ 


- 


18 


19 
20 
et 
o> 
23 
2A 
25 
26 
ay 


28 
29 
30 
31 
32 
ats) 
34 
30 


36 
37 


9 
vo 


39 
40) 
41 
42 


Goniophora hamiltonensis (Hall) Miller 
Imperfectly preserved. 

G. rugosa (Con.) Miller 

Nuculites triqueter Con. 

N. oblongatus Con. 

Grammysia subarcuata Hall 

G..- arcuata (Con.) Hall 

G. globosa Hall 

Actinopteria boydi (Con.) Hall 

A. decussata Hall 


Beilerophon acutilira Hall 
Crushed and imperfectly preserved. 


Coleolus tenuicinctum Hall . 

Phacops rana (Green) Hall 

Dalmanites (Crypheus) boothi (Green) Hall 
Orthis (Rhipidomella) vanuxemi Hall (?) 


Orthothetes chemungensis (Con.) H. & C. 


Chonetes lepida Hall 
Solen (Palaeosolen) siliquoidea Hall 


Microdon (Cypricardella) bellistriatus Con. (?) 


Imperfectly preserved. 
M. (Cypricardella) tenuistriatus Hall 


Macrodon hamiltoniae Hall 
‘Cimitaria recurva (Con.) Hall 


Hyolithes aclis Hall 

Leda diversa Haii 

Cyrtolites (Cyrtonella) pileoius Hall 
Pleurotomaria rotalia Hall 
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(c) 


(rr) 
(rr) 
(rr) 
(rr) 
(rr) 
(rr) 
(rr) 
(rr) 

(r) 


(rr) 
(rr) 

(r) 
(rr) 
(rr) 

(r) 
(rr) 


(rr) 
(c) 


(rr). 
(rr) 
(rr) 
(rr) 
(rr) 
(rr) 


XXVIII H®. Succeeding these fossiliferous shales for 85 feet the 
rocks are partly covered; but there are not infrequent exposures of 
blue shales. Fossils were not found. The examination was hastily 
made and the shales are undoubtedly fossiliferous as are those 
of the same general horizon in XXVIII D* which contain speci- 


ments of Spirifer mesastrialis Hall. 


These blue shales show 


within 10 or 15 feet of the base ledges of coarse grained, irreg- 
ular, thin bedded, grayish to greenish gray sandstone (H°) which 
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weathers to a light gray color and resembles in lithologie appear- | . 
ance the Oneonta sandstone. The base of this ledge is barometri-_ %,.) me os 
cally 640 feet above the Schoharie river, which is only 10 feet 
lower than that of the similar ledge in section XX VIII D®. On the | 
surface not far above the base are loose blocks of red sandstone, — a 
but it was not found in place. Along the road to the west the ae 


rocks are largely covered on the high ground in the western part aes 
of Blenheim and. eastern part of Jefferson. But at the summit of 
the road in the eastern part of Jefferson there is plenty of the 
coarse, greenish gray sandstone loose on the surface and the long 14 
lines of stone walls are constructed largely of it. In altitude fre 
this locality is barometrically some 650 feet above H® or 1290 oo 


feet above the Schoharie river at North Blenheim; but if there be ee 
a dip of 80 feet a mile to the south of east, as along Panther ee 
creek, then the thickness of the rocks would not ne more than 350 ee 


feet for this upper part of the section. 


XXVIII E+. By the side of the river road about one and one nie ag 
half miles south of North Blenheim and 345 feet higher are bluish, 


argillaceous shales which are fairly fossiliferous. They contain Re: a 

specimens of: ioe a me 
1 Spirifer mucronatus (Con.) Bill. : (rr) ee 
2 Chonetes setigera Hall \ OTe 
5 Tropidoleptus carinatus (Con.) Hall : Pas sn ¥ a 
4 Grammysia sp. (rr) 


Only fragments. 


XXVIII B'. On the eastern side of the Schoharie river below 
North Blenheim and in the northeastern part of the township is a 


My 


x Zz ‘= 

$ PLS - 

iF  Ren Ny, CRN earn Tia! Ha AS ot 9 
ee cee. oe PO ae ak Re ae 


precipitous wall of rock out of which the highway has been cut; 
a locality known as the “ dugway.” The rocks consist of soft, 
blue, argillaceous shales with thin layers of sandstone. The 
irregular layers of shales contain some rather poorly preserved 
fossils; but the smooth shales seem to be barren. Toward the 
top, of the cliff is a layer which has somewhat concretionary 
structure, similar to that noted in other localities in the upper pe 3 
Hamilton and succeeding formations. This cliff is shown to be 
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in the Hamilton formation both by the fossils in the rocks on the 
western side of the river at XXVIII V2, which at 165 feet above 
the river are not far below this locality, and by those which occur 


in the shales. 


1 Oamarotoechia prolifica Hall (a) 
Abundant in a thin layer. 

2 Nuculites oblongatus Con. 7k) 
3 Palaeoneilo constricta (Con.) Hall: (rr) 
4 Phthonia sectifrons (Con.) Hall (rr) 
5 Orthonota (?) parvula Hall (rr) 
6 Pholadella radiata (Con.) Hall (rr) 
7 Grammysia arcuata (Con.) Hall (ree 
8G. lirata Hall (rr) 
9 Pterinopecten vertumnus Hall (Cc). 
10 Bellerophon patulus Hall (?) (rr). 


In the Schoharie river valley region the line of separation be- 
tween the Hamilton and Sherburne formations is not as clearly 
shown for part of the distance as it generally is farther west. 
This is due largely to the heavy mantle of drift covering the 
slopes of part of the hills, also the valley near North Blenheim 
where the characters of the two formations blend. It was shown 
pretty clearly, however, in Fulton township that the line of. 
division is well toward the top of the high hill south of Panther 
creek which is followed to the upper part of the high hill west of 
the Schoharie river. Then the line is along the side of this hill 
dipping quite rapidly to the south and reaching the river valley 
in the vicinity of North Blenheim and apparently crossing the 
river somewhat south of that village. Then it gradually rises on 
the slope of the hill east of the river as it is followed northerly 
till opposite Breakabeen we find it on the hill to the east and 
above Houston Corners. From there it continues northerly to 
the Moheganter hill in the southern part of Middleburg, enters. 
the northwestern part of Broome township and follows the 
western side of Catskill creek for some distance below Franklin- 
ton before it crosses to the eastern side. | 


olka wen | 
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. , Gilboa 


To the south and east of Blenheim is Gilboa which is the mid- 


dle one of the three southern townships of Schoharie co. The 


central part is crossed from the south to, the north by the 


Schoharie-river to the east of which, from a short distance below 
Gilboa village to beyond the northern boundary of Gilboa and 
Blenheim townships, a high and precipitous hill rises. The two 
other principal streams of the township are the Minekill, which 


rises in the eastern part of Jefferson township and enters the, 


' Schoharie river from the west, and the Plattenkill from the east. 
XXVIII Z. About half way between the villages of North Blen- 
heim and Gilboa is the Minekill the lower part of its courserunning 
very near the township line. Just to the south of the Minekill 
along the western bank of the Schoharie river are bluish shales 
in which a few imperfectly preserved fossils occur. The rocks 
however are principally rather thin, bluish sandstones, ap- 
parently unfossiliferous and there is one prominent layer of green 
shales. The fossils from the blue shales near the mouth of a 
brook south of the Minekill are so imperfectly preserved and 
fragmentary that it is scarcely possible to identify them more 
than generically. The list as far as the specimens were deter- 
amined is as follows: ! 
1 Liorhynchus (?) or 
Camarotoechia (?) sp. (c) 


The specimens do not seem to agree closely with the figures 
of the Ithaca species of either of the above genera. 


‘2 (2?) Palaeoneilo sp. (rr) 
Broken specimen showing the characters imperfectly. 

3 Orbiculoidea neglecta Hall (?) (rr) 
Specimen imperfectly preserved but apparently this species. 

4 Lamellibranch : #:\ ie CEG 


Fragment of long shell in which the Discina is imbedded. 

In the Minekill just below the main river road are the cascade 
‘and gorge known as the Minekill falls. The gorge at the cas- 
cade is very narrow and the. walls are perpendicular, perhaps 100 
feet high. The main part of it is cut out of a sparingly fossilifer- 


CLASSIFICATION, ETC. OF HAMILTON AND CHEMUNG SERIES 207 


ous blue shale which contains an occasional thin layer of sand- 
stone. There are also thin layers of small, iron stained concre- 
tions and at the lower end of the gorge are some greenish shales. 
It is probable that these rocks are in the Ithaca formation al- 
though the list of fossils given below does not furnish very con- 
elusive evidence for Spirifer mesastrialis Hall was not found. 


1 Tropidoleptus carinatus (Con.) Hall (c) 
2 Spirifer mucronatus (Con.) Bill. (c) 
3 Chonetes setigera Hall (c) 
4 Orthothetes chemungensis (Con.) H. & C. (?) (rr) 
5 Nuculites oblongatus Con. (rr) 
6 Leda brevirostris Hall (rr) 
T Lunulicardium fragile Hall (rr) 


‘At the brink of the upper cascade and on the banks of the 
creek above is a blue, fairly massive sandstone containing 
Psilophyton princeps Dn. and other plant stems. 


XXVIII Z2. By the side of the road toward West Gilboa and 
about west of the Minekill falls are fine blue shales which are 365 
feet or more above the level of the Schoharie river and below them 
are some quite heavy sandstones. The shales are fairly fossilifer- 
ous and are in the Ithaca formation. The following species were 
collected in a few moments: 


1 Nuculites oblongatus Con. (?) , (rr) 
Posterior part missing. 


2 Tropidoleptus carinatus (Con.) Hall . (rr) 
3 Spirifer tullus Hall (c) 
4 8. mesastrialis Hall (?) ey 


‘Poorly preserved. 
5 Lamellibranch shell. 
Imperfectly preserved. 

XXVIII Z?. On the Minekill four miles west of the Schoharie 
riveris the little hamlet of WestGilboa or Shoe Hollow. The rocks 
along the highway from Z? to this place are well covered, with only 
mow and then an outcrop of a sandstone stratum or a little shale. 
On the hill one fourth mile north of West Gilboa are greenish 
shales in which Spirifer mesastrialis Hall is abundant. The fol- 
lowing species were obtained: 
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1 Spirifer mucronatus (Con.) Bill. 
p ASE Sh mesastrialis.Hall 
Thin layers nearly filled with these shells. 


3 Tropidoleptus carinatus (Con.) Hall (ER 
4 Microdon (Cypricardella) gregarius Hall (?) | (rr) 

Imperfectly preserved. E . 
5 Palaeoneilo constricta (Con.) Hall (?) (rr) 


Imperfectly preserved. 


Only a few feet higher are ledges of thin red sandstone and 


mottled red and green shale (Z‘) approximately 590 feet above : 


the level of the Schoharie river. To the north of this hill about 


one mile from West Gilboa is Pigeon creek, a tributary of the 
Minekill from the north. Along the highway on the northern — 


bank of this creek as far as the first road are frequent pieces of 
sandstone containing fossils, frequently Spirifer mesastrialis Hall. 
These blocks were not found in place but it seems probable that 
they occur in place above the zone of reds described near West 
Gilboa. Higher on this hill forming the divide between the 
Minekill and Mill creek are large numbers of loose, angular, 
blocks of red sandstone. This seems to show that a considerable 
amount of the red occurs in this hill interstratified with the 
coarse grained, grayish to greenish gray sandstone. Mixed, loose 
specimens of these two colored sandstones occur well toward 
Ruth church which is on the high part of the divide in the south- 


western part of Blenheim, 475 feet by the barometer above the 


red sandstone north of West Gilboa. Not far from Ruth are 
large quantities of loose, angular blocks of greenish gray sandstone 
similar to the typical Oneonta. Loose by the highway about one 
fourth mile west of West Gilboa are blocks of greenish sandstone 
containing Ithaca fossils some of them having large numbers of 
Spirifers. It is not clear whether these blocks came from a hori- 
zon below or abovesthe red sandstone of Z*, but the following 
species were collected from them: 


1 Spirifer mesastrialis Hall (rr) 
Two broken shells. é 
7A mucronatus (Con.) Bill. (?) (rr): 


Two fragments and one small specimen. 
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3 Microdon (Cypricardella) gregarius Hall 2 (rr) 

4 Nuculites cuneiformis Con. (?) (rr) 
Shell imperfectly preserved. 

5 Palaeoneilo sp. | (r) 


Heavy concentrie markings like P. emarginata (Con.) Hall; 
. but there is no constriction... Something like the shells 
found in the Ithaca in N. H. Pennsylvania. 

Not far west of West Gilboa loose blocks of red sandstone 
occur frequently along the highway, but a ledge was not seen in 
place. In fact there are but comparatively few exposures of 
rocks in place along the upper course of the Minekill. Some two 
and one half miles above West Gilboa loose blocks containing 
fossils were seen by the highway, but it is not certain that they 
came from that immediate vicinity. In these blocks the follow- 
ing species were obtained: 


1 Spirifer mesastrialis Hall Page (rr) 
2 Homalonotus dekayi (Green) Emm. (?) (rr) 
3 Paleoneilo emarginata (Con.) Hall var. (c) 


The posterior emargination, as in Pennsylvania specimens, 
is not as deep as on typical specimens of this species. 


4 Microdon (Cypricardella) sp. 

Too imperfect for specific identification. 

LXXV Et. On the western bank of the Schoharie nearly two 
miles below Gilboa where the road runs very near the river are 
massive unfossiliferous sandstones which are fairly coarse grained 
and mostly gray in color with but a faint tint of green. Perhaps 
one fourth mile belowthe Gilboa bridge near the bank of the river 
is a small quarry E? which has been worked to some extent for 
building stone. The rock is a massive, rather coarse grained, 
greenish gray sandstone which runs down to river level, some 
20 feet being exposed. No fossils were found in the bed rock; 
but on the stone wall aiong the highway at this locality are large ; 
blocks of bluish sandstone containing specimens of T’ropidoleptus 
carinatus (Con.) Hall; Spirifer sp.; Glyptodesma erectum (Con.) 
Hall and other fossils. Careful search was made for this zone 
in the vicinity of Gilboa but without success and it is probable 
that the specimens came from the drift. Along the highway from 
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ee BS) to Gilboa. the soil as eunenas quite reddish inateme the 
; nearness of red rocks. Above and below the highway bridge « 

ihe Schoharie river at Gilboa is.a rocky gorge (E*) with walls 5 


ee and sandstones. The Rey ihe in seneny are coar 


Bee of the blocky, greenish shale by the roadside below the bridge 
Be a are fish scales. From the bridge for several rods up the stream | i 
We along the bank not much above the water is a stratum of | ove 
ie brownish red, silicious sandstone, nine inches in thickness. The : 

i . Jower part of the stratum is of a reddish green color, On the : 
o: + bank above the highway just south of the bridge is a stratum of | ‘ “ 
hee heavy, coarse grained, gray sandstone which contained the trunks 
sof the tree ferns, Psaronius textilis Dn., which were exposed Db: 
. mh the freshet of September 1869. Several of the trunks were secured 


by Prof. Hall and are now in the state museum of natural history ‘ 


ae Prof. Hall described at an early date® the circumstances attend- : 
ing their discovery and submitted them to Sir William Dawson 
for description.o The impression of the side of one of thea 
trunks still shows very clearly i in the sandstone at this locality. . ; - 
LXXV B1 On the eastern bank of the Schoharie one mile below | 
Gilboa is a steep cliff rising very abruptly from the river. ie og 
rocks consist of massive greenish sandstones alternating ae 
greenish and blue argillaceous shales. The dip is from 1° to 13° 
S 50° E. In the river near the bank are large blocks isk 
greenish sandstone, similar to the stone in the quarry on the 
western bank farther up the stream. On one of the largest. 
blocks which did not appear to have been transported far wal the 


a 24th an. rep’t N. Y. state museum of nat. history, 1872, p. 8, 15-16. ; 
b Quarterly jour. geol. society—London, 1871, 27:269; and Geol. surv. Canada, the fossil plants ai 
the Devonian and Upper Silurian formations of Canada, 1871, p. 59. ; 
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river, are a number of good specimens of Amnigenia catskillensis 
(Van.) Hall, the characteristic fossil of the Oneonta sandstone. 

LXXV F. One mile above Gilboa the Manorkill enters ihe Scho- 
harie river from the east. Only a short distance from its mouth 
are the Manorkill falls, or cascade, which occur in a pretty glen 
that is quite a popular resort for picnic parties during the 
summer. The aecompanying picture gives a fairly good: idea of 
the falls. Below them reaching to the level of the Schoharie 
river is massive greenish gray sandstone with the lithological 
appearance of the Oneonta. 

According to Sherwood’s section” the base of the cascade is 57 
feet above the top of the sandstone which contains the tree ferns, 
Psaromus textilis Dn., at Gilboa. Above the bridge there is a 
small fall above which on the southern bank of the creek are 
bluish to greenish crumbly shales containing fish plates one of 
which was recognized by Dr Eastman as probably belonging to 
Bothriolepis minor Newb. The number of specimens is not great 
and the fossiliferous layer apparently does not have any con- 
siderable extent. A few feet above are red shales forming a well 
marked zone in the sides of the glen, 12 feet in thickness. The 
rocks have a thickness of 120 feet from the foot of the cascade 
to the base of this zone of red shale as measured by Sherwood. 
The dip in the glen above the bridge varies somewhat with dif- 
ferent strata, but is decidedly to the southeast. On the northern 
bank it ranges from 1°-34°; while on the southern bank a dip of 
14° almost directly east was noted. Several small specimens of 
Psaronius textilis Dn. were found by the side of the highway 
when this locality was first visited, which apparently came from 
some of the greenish gray sandstone when the excavations were 
made for the foundation of the bridge. 

At the saw mill one quarter mile above the mouth of the 


Manorkill and 200 feet above the level of the Schoharie river are © 


red sandstones and shales, 12 feet of which are exposed. Be- 
tween. the two zones of red shale there are some 56 feet of grayish 
sandstone and shale shown along the bank of the creek. This 


a Proc. Amer. philosophical society, 17:347. 
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upper zone of red shale was supposed by Sherwood to be ee cf 
same bed as the one of red and green shale in the pe 
ereek above the upper end of Palenville.¢ ee vis 

On the Geologic map of New York, published in 1844, the. top aa Be 
the Chemung rocks was represented as crossing the Schohariase 4 Se. 
river at the mouth of the Manorkill, and the Chem was suc = 
ceeded by rocks then considered Catskill. The rocks in the 
vicinity of Gilboa, specially at the Manorkill were quite well is i 
described by Emmons who correlated them with coarse sand- Ue 
stone found near Mt Upton and now known as the Oneonta sand- 
stone. The rocks at the Manorkill and vicinity succeeding those ce < 
in the more immediate neighborhood of Gilboa were described 
as follows by Emmons, “An undefined mass of gray sandstone ~ 
succeeds, which contains land vegetables, and, at the Manorkill 
falls, one mile above the village, also contains numerous fossils, — 
among which are several Cypricardia two species of Solen and. 
what appears to be the Terebratula lepida. The rocks are coarse ~ 
grits at the falls, with some layers of green tough shale, in which — wat . ¢ 
are contained most of the Cypricardia. The tough, lumpy char- 
acter of this shale is a great inconvenience to the collector of — 
fossils. Above the Manorkill falls, the red marl or slate is many — 
feet thick. This is succeeded by the greenish and coarse sand- 
stone shales alternating for five or six hundred feet,and appearing 


i 


in high and steep escarpments on the mountain half a mile north 
of the kill; the rock contains a few Cypricardia. The whole series” 
is fessiliferous; more so, we think, than what appears upon a 
cursory examination, principally on account of the coarseness of 
the grits and the unfavorable state of the stratification. The 
beds at and immediately above the bank of the creek near the 
village are destitute of animal remains, or at least we did not — 
succeed in finding any. Now the stratum which contains vege- — 
tables at other places contains also Cypricardia. In this stratum, 
many fragments of stems and long leaves are preserved, but 
crushed, and so broken that they are worthless as cabinet speci-- 
mens, yet the stratum itself is a good guide for the rock. It is. 


a Proc. Amer. philosophical society, 17: 347. 
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_the same as that described in Mr Vanuxem’s report, in which’ he 
first discovered the fossils at Mt Upton on the Unadilla. The 
discovery of this stratum (or strata, for there are several) at 
Gilboa, at the base of adjacent mountains, identifies two distant 
Series, and proves their equivalency and age... It has been 
said that the rocks of Gilboa belong to the Hamilton group, 
and as fossils closely resembling those of this formation were dis- | 
- covered six or seven hundred feet at least above the locality on. 
the Manorkill, where Devonian fossils had been found, it became 
important to accumulate as many facts as possible which would 
bear upon the question ; and we were fortunate enough to dis- 
cover the remains of fish in the strata between Prattsville and 
Gilboa, and, what was still more satisfactory was their associa- 
tion with the Cypricardia catskillensis [Amnigenia catskillensts 
(Van.) Hall] discovered by Mr Vanuxem, on the Unadilla. These 
fossus will undoubtedly be found quite numerous in this neigh- 
borhood, as we observed several specimens in the rock two miles 
above Prattsville, on the banks of the creek. It appears, there- 
fore, that it has a wide range in this series, and may be regarded 
as characteristic of the formation in which it is found.’’@ 

Darton states that the Oneonta formation ‘ begins at the 
Manorkill falls and extends about 12 miles southward ”’®; while 
on the Geologic map of New York the red shales in the gorge above 
the highway are apparently considered as marking the bottom of 
the formation. | : 

On the geological map accompanying this report the writer has — 
accepted for the base of the Oneonta formation from the Schoharie 
valley eastward, the lowest thick beds of red shales and sand- 
stones accompanied by coarse greenish gray sandstones. ‘These 
red rocks are not considered as marking the same horizon from 
this valley eastward, for the evidence seems to the writer to clearly 
show that the reds appear at a lower horizon as they are followed 
into Albany and Greene counties. The lowest reds, however, seem 
tc be about the only zone that can be followed for the purpose 


@ Agriculture of New York, 1846, 1:195-96. 
6 Amer, jour. science, 3d ser. 45:206. 
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of geological mapping and iets that a been taken for 
tke base of the Oneonta formation. 3 
Along the Schoharie valley there is an ceeoad of the > Titho- 


logic characters and faunas characterizing the Ithaca and — 
Oneonta formations for several hundred feet. In the oa : 


specimens were rest in large blocks of this sandstone ee 
bank of the river which probably came from these sandstones. __ 
Considerably higher above these red and greenish gray sand. - 


>? 


stones a meager Ithaca fauna was found at several places in 
the Schoharie and Manorkill valleys. It was not satisfactorily | 
determined whether these highest fossiliferous layers occur ata 
higher stratigraphic position than the top of the Ithaca fauna in | oy 
the Susquehanna valley, but it is clear that the lithologic con- 
ditions of the Oneonta formation appear at a lower stratigraphic 
position in the Schoharie than in the Susquehanna valley and that | 
there is an alternation of these conditions through a thickness 
of several hundred feet of rocks. The Schoharie section is along ! 
the region of oscillation, between the marine waters with ‘They 
Ithaca fauna of the west and the brackish waters of the east. 


In the Susquehanna valley during this time, marine waters pre 


vailed as shown by the faunas, and there is no evidence of the | 

‘brackish waters; while in Albany and Greene counties the brack- 3 

ish waters dominated and there is scarcely any evidence of pe. Be 
faunas. | ; ae 


€ 


-LXXV Al. This section extends from the Schoharie river at the 
Gilboa bridge along the highway toward Grand Gorge for more 
than one mile, and then to the top of the hill about south of Gilboa. | 
It is an especially interesting one since it shows the presence oft 
a fauna with a considerable number of species, over 400 feet oe 
above the river level and the first stratum of red rocks at Gilboa. a 
“The lower part of the section (A‘) is pretty well covered, but there ee 
are some outcrops which give.a general idea of the lithologic char- 
acters of the rocks. At-:the base are massive sandstones, above em oy, 
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the stratum of red rock in the river gorge, which are coarse 
grained and grayish or greenish gray; then there are greenish 
shales followed by reddish sandstone. Higher are greenish and 
bluish shales and sandstones, and about 200 feet above the 
river level is the top of another zone of red shales. 


LXXV A*4. By the side of the highway toward Grand Gorge 
near the southern line of Gilboa township,375 feet above the Scho- 
harie river at Gilboa, are grayish to greenish gray non-fossilifer- 
ous sandstones alternating for about 15 feet with thin layers 
in which fossils are very abundant. The most abundant species is © 
Spirifer mesastrialis Hall, and these shells are so numerous that 
the layers form a sort of fire stone. These are succeeded by some 
30 feet of greenish gray, thin bedded sandstones (A%) at the sur- 


face which at a greater depth form massive layers that are some- 


what irregularly bedded. The dip as measured by the ledges at 
the side of the road varies from a little less to more than 2° 8, 50° 
W. There is an occasional fossil in these sandstones as well as 
some clay pebbles. Below a ledge of massive, irregularly bedded 
sandstone are bluish, rather thin, argillaceous shales. These 
' rocks make a prominent ledge in appearance, not unlike certain 
sandstones in the Oneonta formation. At the top of these sand- ue 
stones, 420 feet above the river at Gilboa is another fossiliferous 
zone, (A*), having the lithologic appearance of the lower one and 
containing abundant specimens of Spirifer mesastrialis Hall. 
From zones A? and A‘ the following species were collected: 


1 Spirifer mucronatus (Con.) Bill. (r) 
248) mesastrialis Hall (aa) 
Very abundant in these thin layers. 
3 Camarotoechia eximia Hall (c) 
4 Tropidoleptus carinatus (Con.) Hall (a) 
9 Palaeoneilo emarginata (Con.) Hall var. (r) 
6 Microdon (Cypricardella) complanatus Hall (rr) 
7M, (C. ) gregarius Hall (rr) 


8 Actinopteria boydi (Con.) Hall (r) 
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9 Pterinopecten cf. Vertumnus Hall (rr) < 
10 (?) Nuculites sp. (rr) . 4 


Large specimen in shape somewhat like WN. cuneiformis 
(Con.) though considerably longer and showing concentric. 
striae. 


These fossiliferous layers are apparently in the same general © 


stratigraphic position as the loose fossils found on the hil! north 
,of West Gilboa toward Ruth and in the hill northeast of Gilboa 


which will be described after this section. They are clearly © 


above the zones of red shales shown in the gorge above the 
Manorkill falls and about 200 feet above the lower one. Suc- 
ceeding zone A‘ for 310 feet to the top of the hill 730 feet above 
the base of the section the rocks are partly covered, but 
there are frequent exposures showing an alternation of grayish 
sandstones with red shales and sandstones. The thick- 
ness and alternation of these rocks are shown on the 
accompanying diagrammatic section and their lithological 


characters agree either with those of the Oneonta or 2 


Catskill formations. No fossils were found above A* except trails 
of worms on a loose specimen of grayish sandstone. The accom- 


panying “ Geological section along the Schoharie river from Scho- | 


harie to Gilboa”’ is intended to give an idea of the topographic 
outline of the hills to the west of the Schoharie river as well as 
the order and extent of the formations. On account of the lack 
of a topographic map of the Schoharie valley region it was diffi- 


cult to represent this section with any great accuracy and it is to ~ 


be regarded as a somewhat generalized section. It is thought, 
however, that it will give an impression of the rugged nature of 
this region and a somewhat graphic representation of the several 
formations which have already been described. 


LXXV O!2. About-one mile below Gilboa the Plattenkill or 
Flat creek enters the Schoharie river from the east. Between this 
creek and the Schoharie river is a high hill with a very steep 
bank toward ‘the river. On the southern end of this hill to the 
west of the Plattenkill and one and one half miles northeast of 
Gilboa are greenish gray massive sandstones (O+) while in shales 
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(02) above the sandstones are fossils, Spirifer mesastrialis Hall 
being abundant. This species is associated with some others and 
in the few minutes spent in hunting for fossils at this locality the 
following list was obtained: 


1 Spirifer mesastrialis Hall . (a) 

2 Tropidoleptus carinatus (Con.) Hall (rr) 

3 Camarotoechia sp. - (2) 
Too imperfectly preserved for specific identification. 

4 Goniophora cf. hamiltonensis (Hall) Miller (rr) 

5 Actinopteria boydt (Con.) Hall (er) ae 


In the massive sandstones below the fossiliferous shales Amnt- 
genia catskillensis (Van.) Hall occurs, which is considered the: 
characteristic fossil of the Oneonta sandstone. Below the mas- 
sive sandstones on the hillside are numerous loose pieces of red 
shale and sandstone. This fossiliferous zone is some 600 feet 
above the Schoharie river at Gilboa and clearly above the lowest 
zones of red shale in that vicinity and at the Manorkill. The 
lithologic character and fauna of the massive, greenish gray sand- 
stones (O*) are those of the Oneonta formation, while the shales 
of O? contain an Ithaca fauna similar to that of zones A? and A4 
to the southwest of Gilboa. A dip of about 90 feet a mile to 
the southwest would carry the zone O? down to the horizon of 
A? which is between two and one half and three miles farther 
southwest. 


LXXV X?*. An interesting section was studied farther northeast . 
on the Mackey farm to the west of the Plattenkill. This locality is 
about two and three quarters miles northeast of Gilboa and the 
Plattenkill at that locality is some 550 feet higher than the 
Schoharie river at the mouth of the creek. On the Mackey farm 
140 feet higher than the creek is a ledge of uneven bedded, gray- 
ish and rather coarse grained sandstones. 20 feet higher or ap- 
proximately 710 feet above the Schoharie river are thin bedded, 
grayish sandstones (X*) which contain quite a number of species, 
Spirifer mesastrialis Hall occurring abundantly. The fauna is as 
follows: 


the three faunas of LXXV A? 4, O? and X? and that the species « 


is reached at the top of the hill, approximately 900 feet above 


ie! Goes mesastrialis FAY fig Se ( 
2.8. mucronatus (Con.) Bill. (2), 

3 Tropidoleptus carinatus (Con.) Hall 

4 Camarotoechia stevensi (Hall) H. & ©. we 


Poorly preserved. 


5 Nucula corbuliformis Hall 

6 Leda diversa Hall 

7 Gonophora carinata (Con.) Hall 
8 Coleolus aciculum Hall — 

9 Microdon (Cypricardella) complanatus Hall 
ME UE (C. ) gregarius Hall 
11 Actimopteria boydi (Con.) Hall 

12 Pterinopecten suborbicularis Hall (?) 


It is to be noted that Spirifer mesastrialis Hall is abundant 


Brachiopoda are nearly the same in the three lists. 


ferent horizons, but the writer inclines to the former opinion. ‘a 
feet above X? are thin, gray sandstones eight feet in thicknes 
but no fossils were found in this ledge. Then for 117 feet the ‘ 
rocks are concealed when another gray ledge of thin sandstones — 


the Schoharie river level. The details of this section are shown Ps 
in the following diagram. 


EAST OF GILBOA 
LXXV Dy 
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Ps 
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Mackey’s Corners are reddish sandstones which are two and four = i 
tenths miles northeast of the Mackey farm and some 70 feet higher 4, “i 
than the fossiliferous zone of X2. Along the highway near the : 


head of the Plattenkill, east of Mackey’s Corners-and the school- 
house of district no. 18, are bright red shales and sandstones. This 
locality.is one and two tenths miles northeast of the one just de- 


scribed and approximately 190 feet above the fossiliferous zone — os 


of X?.. 


LXXVN. On the high plateau some two miles southeast of ) 
North Blenheim on the road turning south toward the Plattenkill  =— 


from the old “state road” are conspicuous exposures of red shales 
(N41) which are approximately 1160 feet higher than the Schoharie ¥ 
river at North Blenheim. About one half mile farther south by ; 
the side of this highway are loose, bluish sandstones (N?) which 

* weather to a slightly olive tint and judging from their angular 
form evidently came from that immediate vicinity. These sand- 
stones are 115 feet above the red shales of N! or approximately 
1275 feet higher than the Schoharie river at North Blenheim and 


about three miles north of the fossiliferous shales O? at the south-. 


ern end of this hill. Fossils are quite common in them, specially 


Spirifer mesastrialis Hall and Actinopteria boydi (Con.) Hall. The . 
complete list of species is as follows: 


1 Spirifer mesastrialis Hall (a) 3 i 
2 Tropidoleptus carinatus (Con.) Hall | 3 (r) 
3 Camarotoechia eximia Hall ee 5) 2 
4 C. stevensi Hall (?) (hase 
Possibly C. eximia for these two species are very closely 
related. 
5 Goniophora hamiltonensis (Hall) Miller | (et 
6 Actinopteria boydi (Con.) Hall (c) 
7 Grammysia obsoleta Hall (?) (rr) 
8 G. bisulcata (Con.) Hall (rr) 
9 Sphenotus solenoides Hall (?) (rr) 


There are none of the vascular markings on the posterior 
part of the shell said to be characteristic of this speeies; 
but in other respects it agrees with it. 
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LXXV M. A section was roughly measured from the Schoharie 
river bridge below North Blenheim along the highway and brook 
up the steep hill on the eastern side of the river through Mackey’s 
Corners to the top of Leonard hill in the eastern part of the town- 
ship. The hill slope is well covered by drift so that the section 
is not as satisfactory as might be desired. For 440 feet up the 
hill the rocks are all concealed along the highway, when an ex- 
posure of bluish shales (M’) occurs in which are a few poorly pre- 
served fossils. | 

1 Liorhynchus multicosta Hall (?) ; (c) 

The specimens are all quite small and resemble the “ young 


individual,” fig. 26, pl. 56, Paleontology, v. 4, more closely 
than any other. 


2 Coleolus tenuicinctum Hall (?) (rr) 
Just the point of apparently a specimen of the above 
species. : 

So few fossils were found in these shales that they assist very 
little in determining their age but judging from the sections on 
-the western side of the river at North Blenheim it seems probable 
that they are not older than the Sherburne formation. 40 feet 
higher are coarse ‘grained, thin gray sandstones (M*) which con- 
_ tain more fossils both in number of specimens and species, as wiil 
be seen by following list: 


1 Spirifer mucronatus (Con.) Bill. (c) | 
2 Chonetes setigera Hall Te ale 
3 Tropidoleptus carimatus (Con.) Hall (2) 3 
4 Leda dwersa Hall (rr) 
5 Orthonota undulata Con. (rr) 
6 Schizodus appressus (Con.) Hall (rr) 
7 Orbiculoidea sp. (rr) 


The species in this list are Hamilton and on account of their 
stratigraphic position they are not diagnostic. The outcrop is 
probably in the Ithaca formation and is something like 800 feet 
below the fossiliferous sandstones of LXXV N2, on the hill to the 
southeast. Then for about 390 feet the rocks are mostly covered 
till in the upper part of the small brook thick bedded, coarse, 
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grayish sandstone occurs alternating with smooth, greenish shale eho 


(M4). On the highway just east of the old “state road” at the 


Brown farm are red and greenish shales (M®) at an elevation of 


1020 feet above the river. The difference in altitude,between 


these shales and the reds at LXXVN!, on the hill to the southwest, 


is 140 feet, but the stratigraphic difference is much less on account ~ 


of the southerly dip. These shales which are the first reds seen 


on this slope of the hill were regarded as marking the base of the 


Oneonta formation and are so represented on the map. One and 
one half miles to the northeast are the red shales of XXIX M$ 


at 1250 feet above the river, and if XXIX M8 and LXXV M3 are 


in the same horizon then there is a dip of 150 feet a mile to the 
southwest. 


At the top of the divide three quarters of a mile west of | 


Mackey’s Corners are: coarse grained, greenish sandstones asso- 
ciated with red ones. This locality is approximately 330 feet 


higher than the first reds at M®, or some 1350 feet above the level 
of the Schoharie river. The country then descends to the east 
through Mackey’s Corners to the head of the eastern fork of the 


Plattenkill or Flat creek at the foot of Leonard’s hill. Plenty 
of bright red shales occur here (M’) as well as along the highway 
toward Beam Center. According to the barometric readings 


these shales are 195 feet above the lowest reds at M® or 1215 feet 


above the Schoharie river; while from the creek to the top of the 
hill is 600 feet. This makes the top of Leonard hill at least 1815 


feet above the Schoharie river at North Blenheim. The altitude © 


of the North Blenheim bridge, according to Guyot, being 800 feet 
A. T. this section makes the top of Leonard hill 2615 feet A. T. 
The above section is a fairly accurate one for Guyot determined 
the elevation of Leonard hill by means of the mercurial barometer 
to be 2649 feet A. T.%, which is only 34 feet more than that for the 
section just described. The slope of the hill is partly covered, 
but the exposures of rocks show an alternation of greenish gray, 
coarse grained sandstones with red shales and sandstones from 


Amer. jour. science, 3d ser. 19:450. See p. 449 for elevation of North Blenheim. 
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the bottom to the top. The hill is capped by coarse, greenish 


gray sandstones, but only a little lower are red shales and sand- 
stones. No fossils were found on the hill. The order of these 
various outcrops is shown in the reproduced section from the 
Schoharie river to the top of Leonard hill. . 

To the north of Leonard hill is Broome Center in the eastern 


part of Gilboa township with an elevation, according to Guyot, 
of 1973 feet A. T. On the highway about one quarter mile east 


of this village are ledges of coarse grained, greenish gray sand- 


_stones identical in lithologic characters with the typical Oneonta 


sandstone. On the hill across Keyser’s creek, in the southwestern 
part of Broome township, between one and one half and two 
miles ENE of Broome Center are coarse gray sandstones on the 
road and in the field and perhaps 100 feet lower is a ledge of red 
rocks. 

Conesville 


To the south and east of Gilboa is Conesville, the southeastern 
township of Schoharie co. Its principal stream is the Man- 
orkill, which rises in the Catskills in the eastern part of the 
tewnship and flows westward emptying into the Schoharie river 
one mile above Gilboa. The eastern and northeastern portion of 
the township is crossed by the northern part of the northeast 
Border Chain of the Catskills, using Guyot’s name, which termin- 
ates in Leonard hill, 2649 feet A. T., to the south of Broome Cen- 
ter in the southeastern part of Gilboa township. Along the 


' southern border of the township to the south of the Manorkill is 


the Pisgah range, which descends very rapidly on the north into 
the Manorkill valley, and much more gently on the south in 
Greene county toward the valley of the Bataviakill. 


LXXV W?*. The ledges on the hill to the north of the Manorkill, 
two miles above its mouth and about three miles from Gilboa, 
were examined somewhat carefully. This locality is about one 
wile below Conesville, formerly called Stone Bridge, from a high- 
way bridge of stone over the Borerkill at that place. The creek 
highway is some 345 feet higher than the red sandstone in the 


foal or approximately 500 feet above the Stholarie at ae 
ledges of thin, bluish gray sandstone. These sandstones cont 
a few fossils. One block of slightly greenish gray color was fou 
which contained Spirifer mesastrialis Hall in abundance, but the: 
other species occur rarely: 


1 Spirifer mesastrialis Hall | AS ae 
ee _ mucronatus (Con.) Bill. | Sa Soe 
9d Tropidoleptus carinatus (Con.) Hall 
A Actinopteria boydi (Con.) Hall\(?) 
5 Lamellibranch undetermined 
Two very imperfectly preserved species. 


one fourth mile above its mouth, below Sinieee That may 
not be the stratigraphic difference, however, for if the general 
dip is down the valley to the southwest then its position is lower 
in the vicinity of the Manorkill falls. oe 

90 feet above the fossiliferous zone of W? is another ledge of 
thin bedded, bluish gray sandstone (W®) 10 feet in thickness. No. 
fossils were found in this ledge. Then for 190 feet the rocks are 
concealed when a heavy ledge of thin bedded, bluish gray sand- | x 
stone (W‘“) 15 feet thick occurs at the edge of the plateau which 
rises from this ledge very gradually toward the north. No i 
fossils were found or red rock seen in place; but it is palin eee 
that formerly the plateau was capped by a reddish sandstone, — ‘<oeere 
for there are numerous flat and angular pieces of it scattered 
over the surface. As far as the outcrops are concerned there are 3 
no layers of red shale or sandstone in this slope, but it is quite z 
probable that such layers occur though concealed by the drift. — 
The following diagram represents graphically the above section: _ : 
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SECTION ON THE NORTHERN SIDE OF THE MANORKILL, ONE, MILE 
BELOW CONESVILLE 


. LXXV W 
805° |——— 
15’ | W* Ledge of sandstone near topof hill 
eee et | : 
190’ 
600’ |—_— 
10’ | W® Second ledge of sandstone 
590’ |——— 
90’ 
500’ ——_—| W?® Fossiliferous sandstone 
155°) OW t 
345’ _|———_|Highway one mile below Conesville 
a45° | Wt 
0’ |—~——| Schoharie river at Gilboa 


LXXV Y°. -Conesville or Stone Bridge is approximately 395 feet 
above the red sandstone in the gorge of the Schoharie river at 
Gilboa, or according to Guyot 1382 feet A. T. To the northeast 
of the hamlet is a hill which, within less than a mile, rises fully 
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300 feet higher. Near the foot of this hill loose flat slabs of 
_blue, rather fine grained sandstone were found in which fossils — 


are common. It is not probable that these slabs came from 
ledges in the vicinity of Conesville since nothing similar to them 
was found in place in that region. It is, however, perhaps 
worth recording that two loose slabs with a similar fauna were 


noticed in the gorge of the Schoharie river below Gilboa. The — 
loose blocks back of Conesville contained the following species: 


1 Spirifer sp. CAG 
Specimens badly broken and imperfectly preserved. 

2 Tropidoleptus carinatus (Con.) Hall (rr) 

3 Glyptodesma erectum (Con.) Hall ec. (| 

4 Grammysia bisulcata (Con.) Hall | ey 

5 Bellerophon patulus Hall Be (0 ie, 


- At the brow of the hill about three fourths of a, mile northeast 
of Conesville is a ledge of gray massive sandstones (Y°) 45 feet in 
hight, known locaily as “ The Rocks,” and fairly well shown in 


the accompanying plate. The base of the ledge is 225 feet above - 


Conesville and approximately 620 feet above the Schoharie river 


at Gilboa. Some of the sandstone is thin bedded, while other layers . 
are quite massive and there is frequently somewhat irregular © 


structure. Sdme of the bluish gray sandstone which is quite 


coarse grained contains a few poorly preserved fossils, among — 


which Spirifer mesastrialis Hall is the most common. A careful 
search furnished the following species: 


1 Spirifer mesastrialis Hall (r) 
Poorly preserved. 

2 Tropidoleptus carinatus (Con.) Bill. (r) 

3 Pectinidae | | (rr) 
Too imperfectly preserved for generic identification. 

4 (?) Actinopteria sp. (r) 
Small and very imperfectly preserved specimens. 

5 (?) Spathella cf. typica Hall (rr) 


Larger than the figures of this species but in outline resem- 
bles it more clesely than any of the other figures. 


6 Lepidodendron sp. (rr) 
7 Plant stems | 
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The fossils of Y? in actual altitude are about 120 feet above 


‘those of W2? one mile farther down the Manorkill, but a south- 


westerly dip would reduce the amount of stratigraphic difference. 
The stratigraphic position of these fossiliferous zones along 
the Manorkill were not determined to the satisfaction of the 
writer and he hopes to study that region more carefully in the 
near future. The following diagram explains the Conesville 
section: 7 : 
SECTION NORTHEAST OF CONESVILLE 


LXxvV Y 
eal 
45’ | Y8 “The Rocks.” Grayish sandstones containing a 
few fossils 
~ 620’ |—— 
225’ | Y? Covered 
395’ |—_—-—| Conesville 
395’ | Y1 
0’ |———_| Schoharie river at Gilboa 


The valley of the Manorkill not far above Conesville is crossed 
by quite a conspicuous moraine. Possibly a mile up the valley 
on its northern side and about 240 feet higher than Conesyville is 
a 20 foot ledge of greenish gray, coarse grained, somewhat cross- 
bedded sandstone containing some white quartz pebbles. By 
the side of the highway not far below Manorkill village is a 
noticeable outcrop of red shale. From Manorkill with an altitude 
of 1520 feet A. T. there is a rise of 715 feet to the Sutton hill 
pass through the Catskills in the eastern part of this town- 
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ship, while Sutton hill is 2573 feet A. T. or 338 feet above the 


highway pass. On the western side of the mountains about 135 


feet below the highway pass is a conspicuous ledge of coarse 
grained, crossbedded, bluish gray sandstone. At the edge of 
the outcrop are massive blocks which have separated from the 
Solid stratum along the line of joints. No fossils were found 


except plant stems. 75 feet higher is the top of another heavy 


ledge of gray sandstone with red shale between the two sand- 
stones. The upper gray sandstone is succeeded by red sandstone 
which is followed by red shales to the pass. Higher on the flanks 


of both Sutton hill and the one to the south of the pass are 


plenty of red shales and sandstones with some greenish sand- 
stone, but these will be described later in the section from the 
Catskill creek on the east to the summit of this range. On the 
Geologic map of New York the red shales of Sutton pass are 
mapped as at the base of the Catskill formation, while the mas- 
Sive grayish to bluish gray sandstones below are called Chemung. 

LXI A. To the south of the Manorkill along the southern border 
of the township is the steep Pisgah range which was examined 
along the highway crossing the range to the south of Conesyille. 
It was determined that Conesville was about 395 feet above the 


stratum of red sandstone in the gorge of the Schoharie river and 


the Manorkill at this place is about 10 feet lower. A section was 
examined from the creek level along the highway to its summit 
and then to the crest of the range to the east of the highway. 
This section is shown on the plate so that it is only necessary to 
refer to its general details in this description. The lower 370 feet 
are concealed but red and gray sandstones are reached at the 
turn in the highway by the farmhouse. The alternation of red 
and gray sandstones and red shales continues to near the road 
summit, 565 feet above the level of the Manorkill. Then there 
are shown in the field to the east of the road about -145 feet of 
mainly thin bedded, coarse, grayish sandstone. Succeeding these 
gray to greenish gray sandstones predominate although there are 
some red layers for 140 feet to 850 feet above the Manorkill when 
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red sandstones apparently become more abundant and continue 
so nearly to the top of the range 1025 feet above the Manorkill. 
No fossils were found in the rocks of this section. From the top 
of this hill there is a fine view to the northeast of the eastern 
“ Border Chain ” of the Catskills from Sutton hill pass to Leonard 
hill; to the west are the high hills of the Schoharie river toward 
Summit and on the south and southeast is the Blackhead range. 

On the Geologic map of New York the elevated part of this range 
to the east of the highway is mapped as in the Chemung. Its base 
is represented as considerably above the level of the road while 
the rocks on the western side of the road to the Schoharie valley 
and below along the Manorkill valley are mapped as Oneonta. 
Apparently the rocks mapped as Chemung are those shown in 


_ the upper part of section LXI A, which are composed to a consider- 


able extent of reddish sandstones, perhaps one half of them 
having this color. The lithologic appearance of the rocks is not 
that of the Chemung and with no fossils to assist in determining 
it is difficult to see why they should be called Chemung. On the 
Geologic map of N ew York the Chemung formation capped by the 
Catskill is represented as following the northeast “Border Chain” 
of the Catskills from Sutton hill to near the northern line of the 
township. In this range to the northeast of Conesville is a con- 
spicuous hill known as High Knob which is, according to Guyot, 
9654 feet A. T. Its western slope is pretty well covered by soil 
but there are several prominent ledges which are indicated on the 
following section. Some 835 feet higher than Conesville near the 
foot of High Knob there is a coarse gray, irregularly bedded sand- 
stone. 240 feet higher there is another heavy ledge of the coarse 
gray sandstone with some red sandstone below and reddish sand- 
stone at its top. Near the top of the hill, 145 feet higher, is a 
heavy ledge of red sandstone below which is red shale; while the 
top of the ledge changes into a erayish sandstone. 


SECTION OF HIGH KNOB 


——_| Top of High Knob 


Red sandstone with red shale below 
Bok sandstone on top 
‘ on 97 5’ |__| Second ledge of gray sandstone 


140’ 


835’ |———| Coarse gray ss near base of High Knob 


835’ 


———| Conesville, 390 feet above red stratum at Gilboa | 


It is thought that Be Sheree of the above section are tainly 


aoe elevation of High Knob 2637 feet A. T. aay 17 feet less than that 
_ determined by Guyot. As far as the rocks are exposed, the ” 
greater part of High Knob seems to be composed of coarse, gray ae 
sandstones alternating with shales except toward the top where _ 
: reddish sandstones and shales occur. One of the ledges of gray 
i sandstone near the road to the southeast of High Knob has a dip 
Be lof nearly 1° to the east of south. No fossils were found in the 
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rocks of High Knob or the other exposures along this chain of 
the Catskills and there is little evidence in favor of calling part 
of the section Chemung. 
Broome 

This township forms one of the eastern tier of Schoharie co. 
and is situated north of Conesville, east of Gilboa and Fulton 
and south of Middleburg townships. Catskill creek which rises 
in its northwestern part and thence flows southeasterly across it 
has in the eastern part of the township a narrow valley which is 
limited by high hills that rise very abruptly from it, specially the 
one on the southern bank to the south of Livingstonville. The 
township is noticeably a part of the high ‘plateau of Albany and 
Schoharie counties deeply trenched by its streams. In the 
southern part is the deep valley of the upper part of Potter | 
hollow creek; on the western side is the upper valley of Keyser’s 
creek; across the central part is Catskill creek with the valley of 
Lake brook to the northeast; while the northeastern part slopes 
abruptly into the valley of Stony creek. In the northern part to 


the north of Franklinton is a marshy tract known as the “vly” 


forming the divide between the Catskill creek and a branch of 
Stony creek. 


XXIX Ct. On the hill west of the “ vly ” and one and one half 
miles NNW of Franklinton are ledges of grayish sandstone. Not 
far above the highway are heavy, somewhat reddish sandstones 
which in places have a mottled appearance. These exposures are 
not far east of those which have already been described in section 
XXX VII D on the eastern side of Moheganter hill. In quite large 
blocks loose on the surface are numerous specimens of very 
mucronate forms of Spirifer mucronatus (Con.) Bill., while in 
loose, thin sandstones the following species were found: | 


1 Spirifer mucronatus (Con.) Bill. (aa) 
2 Camarotoechia congregata (Con.) H. & C. (c) 
3 Tentaculites attenuatus Hall ; (c) 
4 Goniophora hamiltonensis (Hall) Miller (rr) 
5 Glyptodesma erectum (Con.) Hall (rr) 
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These blocks seem to be from the Hamilton, but the rocks in 


place are apparently in the Sherburne or Ithaca formation. At 
the top of this hill is an outcrop of red sandstone which is placed 


in the Oneonta formation. This sandstone is about 600 feet above 2 ys 


Franklinton, or as this village, according to Guyot is 1260 feet 
A. T., approximately 1860 feet A. T. This elevation is about — 
the same as that of the lowest red sandstone, 1875 feet A. T., in fee 


~ section XX XVII C on the western side of Moheganter hill perhaps : 


two miles farther west. 


X XIX C?. At the falls above the highway in the small brook a 


short distance northwest of Franklinton are fossiliferous bluish — 


_ Shales and thick, blue sandstone about 50 feet above the Catskill i 


creek at Franklinton. The following species were collected at 
this locality: | 
1 Spirifer mucronatus (Con.) Bill. ? (a) 
2S. granulosus (Con.) H. & C. (?) (c) 


Internal impressions probably of this species. 


3S. mesastrialis Hall | (rr) 


¢ 


The two specimens of Sp. mesastrialis are on two pieces of 
rock, but I am not positive that they came from this 
locality. They may have been introduced accidentally. 
If they occur here, however, it would seem to indicate 
that I am in error in referring these rocks to the Hamil- 


ton. , 

4 Camarotoechia congregata (Con.) H. & C. (c) 
dC. prolifica Hall (?) : (rr) 
6 Chonetes coronata (Con.) Hall (c) 
oe setigera Hall (r) 

8 Orthothetes chemungensis (Con.) H. & C. 7 

var. arctostriata Hall (c) 

9 Paleoneilo constricta (Con.) Hall ; 
10 Nyassa arguta Hall : (rr) 
11 Goniophora hamiltonensis (Hall) Miller (rr) 
12 Grammysia sp. (rr) 
13 Orthonota (?) parvula Hall | Pei Po 
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14 Actinopteria boydi (Con.) Hall (c) 

15 Glyptodesma erectum (Con.) Hall fifa} 
In sandstone. 

16 Tentaculites bellulus Hall (?) (rr) 


The above fauna is a Hamilton one which together with the 


' lithologic appearance of the rocks seems to be sufficient evidence 
for referring the outcrop to the Hamilton formation. The top — 


ef the Hamilton passes beneath the level of the Catskill valley 
a mile or so below Franklinton. Along the highway north of 


_ Franklinton on the eastern side of the “ vly” is a fairly massive 


ledge of sandstone which is about 10 feet higher than the ex- 


posures of X XIX C? on the western side. It was not examined for 


fossils but from its stratigraphic position is evidently in the 
Hamilton formation. ) 


X XIX D1. Near the top of the high hill one and one half miles 
northeast of Franklinton is a ledge of heavy, coarse grained, 
greenish gray sandstone with red shales and sandstone above. 
This ledge crosses the first east road to the north of Franklinton 
950 feet higher than the Catskill creek at that place, some 2200 
feet A. T. This outcrop is about at the summit of the plateau 
for this region and, 20 feet higher at the four corners, a short 
distance to the east, is red sandstone along the road bed. The 
hillside from the creek road to these ledges near its summit is 
well concealed by drift so that it is impossible to accurately . 
determine the line of separation between the different formations, 
These red and greenish gray sandstones and shales are in the - 
Oneonta formation, but not at its base as indicated by the red 
sandstone to the northwest of Franklinton 350 feet lower, and 
shown by reddish shales 300 feet lower on the northern slope of 
the hill toward Huntersland. In descending this slope toward 
Huntersland in Stony creek in the southeastern part of Middle- 
burg, red shale was found at several places lower than D!. The 
rocks are well shown along this highway and consist mainly of 
bluish sandstone alternating with reddish shales and sandstones 
and greenish shales.. At an approximate altitude of 1910 feet 
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A. T., 320 feet below the top of the hill are two ledges of heavy, 
bluish sandstone between which are red shales (D2). This horizon i 


is approximately 650 feet above Huntersland which according to } ; 
the barometric reading has about the same altitude as Franklin- fol % | 
ton. These were the lowest red rocks seen on the road and they 
were taken for the base of the Oneonta formation. It is interest- ko an 
ing to note the close agreement in altitude of the lowest red eh 


rocks observed on the western side of Moheganter hill and at 


other points eastward as far as the hill south of Huntersland; _ 


1875 feet on the western slope of Moheganter hill, 1860 feet north- — 
west of Franklinton, and 1910 feet south of Huntersland. 140 
feet below the sandstone and red shale of D? is the Alexander 
Campbell flagging stone quarry (D?), approximately 410 feet above 
Huntersland. 15 feet of blue flagging stone capped by shales is 
shown, which was formerly worked to quite an extent. No fossils 
were found, except in some bluish shales a little blocky in tex- | 


ture. 
1 Leda diversa Hall (rr) 
2 Nucula bellistriata (Con.) Hall | (rr) 
3 Goniophora hamiltonensis (Hall) Miller — ae (rr) 


Below the quarry the rocks are mostly concealed by soil and 
drift to the level of Stony creek at Huntersland. 


LXXVIC. On the eastern side of the Catskill creek andonlya — 
few rods above the highway one mile below Franklinton isa small — 
glen with falls, the rocks in which consist largely of greenish 
shales and gray sandstone with some blue shale, and two layers 
of red rocks. The lower layer is a crumbly, mottled, red and 
green Shale in the face of the falls and the higher one a sandstone 
with gray sandstone above and below. A loose block in the brook 
contained a specimen of Spirifer mesastrialis Hall, and there are 
plenty of loose pieces of conglomerate. 
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SECTION OF LXXVIC, ONE MILE BELOW FRANKLINTON 


385" C5 
135’ | Mostly covered 

250’ |__| C4 Red sandstone between gray sandstone 
65’ 

185’ |__| C3 Mottled red and green shale 
50’ 

185’ |__| C2 Greenish shale at foot of glen 
BO") Ot | Covered 
85’ |———| Highway across brook | 
po oles 
0’ |———| Level of Catskill creek, 4 miles above Livingstonville 


LXXVI D. This section begins at the level of Catskill creek two 
thirds of a mile above Livingstonville and follows the highway and 
“Cain gulf” to the top of the hill two and two thirds miles west — 
of this village. On the highway 125 feet above the level of Cats- 
‘kill creek are the lowest red rocks seen in place (D?) consisting of 
clear red argillaceous shales which are exposed for some little 
distance. ‘These red shales on the eastern and western sides of 
Catskill creek at C* and D? are regarded as nearly synchronous 
with rocks of similar lithologic appearance which a few miles 
farther east form a continuous section of red, green and bluish 
shales and sandstones. In recent geological papers these rocks 
have been regarded as belonging in the Oneonta formation. It will 
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be seen that in the vicinity of Livingstonville to the east and 


_ west of Catskill creek there are remnants of the Ithaca fauna — 


above these lowest red rocks, and that there is something of an 
alteration in the lithologic appearance characterizing the two 
formations where typically developed. For the purpose of map- 
- ping, however, it was decided to consider the lowest reds as form- 
ing the base of the Oneonta formation and it is so represented on 
the accompanying map. ; 

Above the red shales of D? the rocks are so well covered for 
470 feet that no red rocks were seen and only an occasional ledge 
of heavy sandstone. Near the upper end of “Cain gulf” at the 
above altitude are thin, blue sandstones, (D*), having a consider- 
able thickness at this horizon, and in the field not far from this 
level a sort of cornstone was found in which there were a few, 
very poorly preserved fossils. The species are Tropidoleptus cari- 
natus (Con.) Hall, and Spirifer cf. mucronatus (Con.) Bill., the lat- 
ter being very imperfectly preserved, and perhaps they might be 
compared with §. mesastrialis Hall. The top of the hill is some 
265 feet higher but the rocks are poorly exposed. 


LXXVIE!. Onemilesouthof the upper partof section LXX VID, 
is May’s hill and the head of the southwestern fork of “Cain gulf” 
brook. Just below the east and west highway is a fall and the east- 
ern bank opposite shows some 40 feet of grayish, blue, olive and red 
argillaceous shales and sandy layers to thin sandstones. Not 
much below the crest of the fall in a somewhat irregularly grained 
layer having red argillaceous shales above and below it a few 
fossils were found. Some of the fairly smooth greenish shales 
contain fragments of branching plants. The fossils are as fol- 
lows: 


~ 


_1 Brachiopod sp. (c) 
2 Beyrichia sp. Sa l8) 
3. Orthonota sp. (rr) 


The above fossiliferous zone is 75 feet below the summit of the 
Givide between Livingstonville and Smithton and in the neighbor- 
hood of 800 feet above Livingstonville. 
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The steep slope on the south side of the divide toward Smithton 
is well covered by drift and soil with occasional outcrops of sand- 
stone and shales as shown in section LVIC. Smithton is over 500 
feet higher than Cooksburg on the Catskill creek at the mouth 
of Potter hollow creek and on the road between Smithton and 
Potter hollow, 160 feet lower than Smithton, are plenty of red, 
argillaceous shales. It appears from the above statement that 
the steep hills to the north and south of Smithton are in the 
Oneonta formation. 


LXXVIB. This section extends along Lake brook to the north- 
east of Livingstonville to Hoveyville and then up a branch about 
north of this hamlet. On the bank of Lake brook not far above 
Livingstonville and 45 feet higher is a ledge of massive, greenish 
gray sandstone (B?) 10 feet in thickness. Loose in the brook, 
some threefourthsof a mile above Livingstonville are piecesof blue 
shale in which are several specimens of a Lamellibranch similar 
to Ptychopteria. Another slab of coarse grained, greenish gray 
sandstone contains numerous worm trails and a fragment of 
Spirifer cf. mesastrialis Hall. 

About one mile above Livingstonville and 200 feet higher or : 
1300 feet A. T. is an old mill in a rocky gorge (B*). The lowest 
rocks in the bed of the brook are green shales and sandstones 
succeeded by 20 feet of red shales and sandstones; the shales 
forming the lower part of the red rocks which are capped by the 
red sandstone. This prominent ledge of red shale and sandstone 
is regarded as at the base of, or at least nearly so, the red rocks 
and is mapped as at the base of the Oneonta sandstone. 

Along Lake brook and the “gulf” north of Hoveyville the 
rocks are partly covered with few exposures of the reds. In the 
“gulf” hardly three miles northeast of Livingstonville and ap- 
proximately 330 feet higher than the red sandstone of B* are 
red, argillaceous shales, 8 feet thick, by the side of the road, - 
and a little higher on the bank of the brook a ledge of bluish . 
gray, rather coarse grained sandstone (B®) which has thin, and 
somewhat irregular layers. The sandstone on the partings or 
where it is somewhat shaly contains some fossils, Spirifer occur- 
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one ring in some abundance. This zone furnished the following | : 


Species: | a 
; 1 Spirifer cf. mesastrialis Hall ; (aj 
: 2 Goniophora carinata (Con.) Hall 7 wae (hee 
3 Palaeoneilo constricia (Con.) Hall : 7 | (rr) 
4 Actimopteria sp. 3 mei , 


Small and imperfect specimen. 


A little higher is the main quarry of -bluish adie alter- 
aatine with shales in which from 15 to 20 feet of rocks are ~ 
exposed. These rocks are also sparingly foe oc and the 


following species were obtained: 


1 Spirifer mucronatus (Con.) Bill. (?) meee AS: . 
28. cf. mesastrialis Hall (c) 


There is but a very faint indication of the fine striae and 
possibly there are none. 


(er) 


3 Sphenotus cf. truncatus (Con.) Hall 
4 Palaeoneilo constricta (Con.) Hall (rr) 
5 Palaeoneilo sp. | (expe 
6 Leptodesma rogersi Hall i (Pr). 
7 Sphenotus cuneatus (Con.) Hall (?) (rr) 
Broken and imperfectly preserved. | 
8 Solen (Palaeosolen) siliquoideus Hall (?) (TP) 
‘ Only the posterior half of the shell preserved. 
9 Modiomorpha subalata (Con.) Hall 
var. chemungensis Hall : (rr) 
10 Goniophora hamiltonensis (Hall) Miller (rr) 
11 G. carinata (Con.) Hall (rr) ms 


A little farther up the “ gulf road” the gorge becomes quite 


narrow at a place known as the “ Devil’s oven” and here is plenty 
of red shale (B’) about 80 feet above the quarry sandstone. The 
altitude of this zone is 1750 feet A. T.; but the thickness of the 
rocks as given in the above section is too great on account of the 
heavy southerly. dip. The fossils found here are a remnant of the 


Ithaca fauna, persisting after the conditions had changed mainly | 


tc those of the Oneonta formation. It is one of the last localities 


in following the strike of these formations to the eastward where | 
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fossil mollusca have been found after the appearance of the red 
rocks in any considerable thickness. 

The divide to the north between Lake and Stony brooks is some 
375 feet higher than the red shales of B’, or approximately 2125 
feet A. T. On the northern slope in the southwestern corner of 
Berne township descending into the valley of Stony creek above 
Huntersland the lowest reds seen have an approximate altitude 
of 1870 feet A. T. If this be the lowest zone of the reds on this 
hill and LX XVI B*‘ the same zone in Lake brook then it shows a 
dip of 142 feet a mile SSW. If a similar calculation be made 
between the zone of red shale in the southwestern corner of Berne 
township and the red shales of LXXVID? on the hill west of 
Livingstonville there will be a dip of 120 feet a mile to the SW. 

On the map accompanying this report the line of division 
between the Hamilton and Sherburne formations is represented 
as entering the northwestern part of Broome township; follow- 
ing the western side of the Catskill valley to a mile below Frank- 
linton where it crosses the creek and then continues northerly 


3 along the side of the steep hills on the eastern side of the valley 


tc the Broome-Middleburg township line when the trend is 
nearly easterly into the southwestern part of Berne township, 
Albany co. } : | 

For convenience in mapping, as has been stated, the lowest 
conspicuous zone of red rocks is considered as indicating the 
base of the Oneonta formation. This zone enters the north- 
western corner of the township from Moheganter hill and follows 
the flank of the hill west of Catskill creek to near the Broome- 
Rensselaerville ‘township line, where it crosses the creek and 
then running northerly to the northern slope of the high divide 


in the northern part of the township it turns east into the south- 


western corner of Berne township. 


ALBANY COUNTY 


Albany co. lies to the east of Schoharie co. the south- 
western third forming a part of the Helderberg plateau while the 
remainder of the county is a plain whose surface is somewhat 
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broken by low hills that extend on the north to the Mohawk river 


and on the east to the Hudson. The physicgraphy and stratig- 
raphy of this county have recently been quite fully described by 
Mr N. H. Darton in his paper entitled a “ Preliminary report on 
the geology of Albany county.”@ The formations of the Middle 


| _ and Upper Devonian occur only on the Helderberg plateau in the 


southwestern part of the county. On the eastern slope of the 


Catskills in the southwestern corner of the county are the latest — 


rocks, probably of Catskill age, while the greater part of the three 
southwestern townships of Rensselaerville, Westerlo and Berne 
are covered by rocks belonging in the Oneonta, Sherburne and 
Hamilton formations. To the north and east of these townships 
is the Helderberg escarpment, which slopes very steeply toward 
the plain. It enters Knox township from Schoharie co. with 
a nearly east and west trend until it reaches Guilderland town- 
ship when its direction changes to the southeast across the 
southern part of the county. The lower part of the escarpment 
is composed generally of several hundred feet of Hudson shales 


and sandstones of the Lower Silurian, while in its highest part . 


on the eastern side the crest is in the lower half of the Hamilton 
formation. 
Berne | : 

In describing the extent of the Upper Devonian formations of 
Albany co. we will begin with the northern township of those 
adjacent to Schoharie co., which is covered by these forma- 
tions. Berne township lies to the east of the southern part of 
Wright, Middleburg and the northern part of Broome townships 
of Schoharie co., and to the south of Knox and’ north of Rens- 
selaerville and Westerlo townships in Albany co. | 

XXXVIII B. The most important section studied in this town- 
ship is one near its western border extending from the Onondaga 
limestone in the valley of the Foxkill at West Berne (Peoria) in the 
northwestern corner to near the base of the lowest reds on the 
top of Bradt hill 3.6 miles SSW of West Berne. This steep hill 
cut by a deep and narrow valley known as Bradt hollow with 


— 
” 


a13th an. rep’t of the N. Y. state geologist, 1894, p. 229-61. 
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frequent exposures of the Hamilton and higher rocks in its upper 
part makes an excellent section. In the Foxkill at West Berne 
are excellent outcrops of the Onondaga limestone which contain 
numerous corals as described by Darton.¢ .The top of the Onon- 


daga limestone is apparently shown in -a small brook not far 


southwest of the village, but the drift has covered about all of 
the Marcellus shale on the hill to the south. 

Along the Bradt hollow road for 380 feet above the Onondaga 
limestone, according to the barometer, the rocks are concealed 
when coarse argillaceous to arenaceous shales (B?) containing 


. plenty of Hamilton fossils outcrop. These fossils show that the 
rocks are stratigraphically above the Marcellus shales and the 


difference in altitude is not as great as the thickness of the rocks 
since the direction of the section agrees quite closely with that 
of the dip which is pretty heavy in this region. A stratum of 
quite heavy sandstone (B?) which splits into thin layers forms a 
conspicuous ledge 140 feet above the shales. 


XX XVIII Bt. By the side of the highway on the upper part of 
Bradt hill 3.4 miles SSW of West Berne and 835 feet higher than 
the Onondaga limestone is a fair exposure of fine, bluish argil- 
laceous shales containing plenty of Hamilton fossils. At the 
base of the outcrop is a bluish sandstone two feet thick, succeed- 
ing which are rather more than five feet of the fossiliferous 


shales. The following species were collected: 


1 Spirifer mucronatus (Con.) Bill. , (c) 
28. granulosus (Con.) H. & C. (rr) 
a. S. audaculus (Con.) Whitf. (c) 
4 Tropidoleptus carinatus (Con.) Hall 3 | (r) 
5 Chonetes coronata (Con.) Hall | (r) 
6 Camarotoechia sappho (Hall) H. & C. (a) 
GC. congregata (Con.) Hall (c) 
8 Terebratula (Eunella) lincklaeni Hall (rr) 
9 Productella sp. (rr) 


Only fragments. 


a 13th an. rep’t N. Y. state geologist, p. 243. 
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10 Paldeoneilo constricta (Con.) Hall 


11 Nuculites triqueter Con. : (rr) 
12 Tellinopsis subemarginata (Con.) Hall aa (rr) 
13 Sphenotus truncatus (Con.) Hall : : 
14 Orthonota wndulata Con. | ee 
15 Goniophora hamiltonensis (Hall) Miller 7 te 
16 Cimitaria elongata (Con.) Hall a (rr) 
17 Modiomorpha subalata (Con.) Hall (rr) 
18 Elymella levata Hall | : (rr) 
19 Microdon (Cypricardella) tenuistriatus Hall , (rr) 
20 Actinopteria boydi (Con.) Hall | (c) 
21 Liopteria dekayi Hall : eke 6c): 
22 Pterinpecten vertumnus Hall 2 | (c) 
23 Homalonotus dekayi (Green) Emm. (rr) 
24 Taeniopora exigua Nicholson (c) 
25 Lingula sp. | > SiGe 
Broken specimens ; 
_ 26 Nucula corbuliformis Hall | (rr) 


40 feet above the base of zone B* are greenish and bluish 
argillaceous shales (B®), the interval between the two zones being 
partly covered. The greenish to olive shales in lithologic appear- 
ance resemble the shales of the Sherburne formation, but they 
alternate with bluish, slightly sandy shales which contain oc- 
casional fossils. One stratum of sandstone four to five inches 
in thickness contains a large number of clay pebbles. 

Above this zone the rocks are again concealed for nearly 50 
feet when there is another outcrop of bluish to greenish argil- 


> (eh as 


laceous shales (B°) by the road side. The bluish shales contain z 


quite a good many specimens of small Hamilton lamellibranchs 
as will be seen from the accompanying list. In one thin layer 
near the base of the zone they are specially common while a 
little higher is a thin layer of calcareous shell rock in which are 
numerous specimens of Camarotoechia. The fauna is: 

1 Atrypa reticularis (Lin.) Dal. (ec) 


2 Spirifer mucronatus (Con.) Bill. ye (rr) 
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ao SS: granulosus (Con.) H. & C. (rr) 
4 Chonetes setigera Hall (rr) 
5 Orthonota undulata Con. (c) 
6 Nuculites oblongatus Con. (c) 
Small specimens. 
7 Palaeoneilo constricta (Con.) Hall (rr) 
8 Grammysia bisulcata (Con.) Hall (rr) 
9 Pterinopecten vertumnus Hall (?) (rr) 


15 feet above the base of zone B® and 940 feet above the top 
of the Onondaga limestone are coarse, bluish, arenaceous shales 
(B") containing some fossils as follows: 


1 Chonetes coronata (Con.) Hall ; rat) 
_ 2 Spirifer mucronatus (Con.) Bill. (rr) 
3 Pterinea flabella (Con.) Hall (r) 


4 Actinopteria boydi (Con.) Hall 
5 Nueulites oblongatus Con. | 
6 Bryozoan : (rr) 


These are the highest rocks of the section in which Hamilton 
fossils were found and must be regarded as forming the top of 
that formation; in fact the greenish shales of B®, 65 feet lower, 
are transitional from the Hamilton to the Sherburne formation 
and perhaps might be considered as at its top, but it is thought 
better to classify the succeeding 65 feet of rocks which contain 
a fair Hamilton fauna with that formation. The difference in 
altitude gives a thickness of at least 940 feet for the Marcellus 
and Hamilton formations in this section; but where observed 
there is a dip from 14° to 24° a mile to the southwest which 
would add from 475 to 780 feet, making the thickness of the 
formation between 1415 and 1720 feet. 

For about 50 feet above zone B’ the rocks are covered when a 
heavy ledge of coarse grained sandstone (B®) varying from a 
slightly greenish gray to bluish gray color and splitting into thin 
dayers which in places have a somewhat crossbedded structure, 


- is reached in the field on the western side of the road. A little 


AA 
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higher on the highway and to the east are soft, greenish, argil. ; 
laceous shales with occasional harder layers. About 25 feet. | 
above the sandstone is a layer of mottled red and green shale _ ~ : 
(B™) by the side of the road. This is the first indication of on 7 
red rocks and the exposure is within about 50 feet of the top: n> 
of Bradt hill. The top of the hill on the highway is a little _ 
north of the four corners and from the mottled shales to this. a 
point, which is about 55 feet higher, the rocks exposed are all. 
greenish shales which apparently are in the Sherburne formation. 2S % 
The top of Bradt hill is 1070 feet higher than the Onondaga lime. 
stone at West Berne or barometrically some 2040 feet A. T. 
About three quarters of a mile to the east of Bradt hill and 
hollow is another high hill called West Mountain near the top of 
which are coarse Hamilton sandstones, the shaly layers con- 
taining abundant fossils.. These sandstones varying from eray | 
to bluish gray in color, form a conspicuous ledge on the western * 
side of the hill, are rather coarse grained, and on the weathered 
surface split into thin layers from one half to one inch in ons ie Py 
ness. : 
Across Bradt hollow to the northwest of Bradt hill and ~ 
West mountain in Schoharie co. is Mt Sagerwana or Cotton 
hill, a conspicuous peak the upper 800 feet of which is in the. 
-Marcellus and Hamilton formations. 


XXXVIII At. On the highway leading down into the valley of 
Stony creek above Huntersland to the southwest of the four cor. | 
ners on top of Bradt hill are soft, argillaceous and thin arenaceous 
shales in which Hamilton fossils are quite abundant. The best 
exposures are three quarters of a mile ENE of Huntersland — 
and approximately 310 feet lower than the Bradt hill four — 
corners. The following species were collected: 


1 Chonetes coronata (Con.) Hall (aa) 
2 Spirifer mucronatus (Con.) Bill. (c) 
3d N. audaculus (Con.) Whitt. 3 (r). 
4 8, granulosus (Con.) H. & C. (?) (Tigra S 


5 Camarotoechia congregata (Con.) H. & C. | (Cc) 
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6 Orthonota undulata Con. 
7 Modiomorpha concentrica (Con.) Hall 
8 Pholadella radiata (Con.) Hall . i 
9 Grammysia bisulcata (Con.) Hall 
10 Schizodus appressus (Con.) Hall 
11 Pterinea flabella (Con.) Hall 
12 Orthoceras crotalum Hall - 
13 Microdon (Cypricardella) tenuistriatus Hall 
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(c) 
(rr) 
(rr) 
0) 
(rr) 
(rr) 
(rr) 
(rr) 


On the highway just west of the Bradt hill four corners are 


‘green shales of the Sherburne formation. 


The Turner schoolhouse, district no. 20, is at the first four cor- 
ners, one mile south of the Bradt hill corners and some 60 feet 


lower, and on the highway not far east of the schoolhouse are red 


argillaceous shales. The southerly dip, however, has carried the 
rocks down so that these shales are stratigraphically higher than 
those on top of Bradt hill. These red shales form a conspicuous 
zone and were mapped as at the base of the Oneonta formation, 
which covers the high land beyond the first four corners east of the 
Turner schoolhouse. This region forms the high divide between 


the head waters of Stony brook, Tenmile creek and the Switzkill, 


four miles northwest of Rensselaerville and some 600 feet higher. 


i 


On the divide to the west of the four corners are bluish gray thin 


sandstones differing inappreciably from Hamilton sandstones, 


while some 30 feet lower at the corners are red shales. The coarser | 


rocks form terraces that slope rapidly to the southwest. 


On comparison with the Geologic map of New York it will be seen 


that the boundary of the Oneonta formation for this region agrees a 


closely with that outlined on the accompanying map except that 


er the former it is carried somewhat farther northwest, indicating 


that the red shales mentioned above were considered as forming its 


base. _ In fact, Darton said, “In mapping the Oneonta formation. 


a. in Albany county I have assumed:that its base was at the bottom 


«ft the lowest red shale member because this was the only dis- 


us ‘ tinguishing feature that I could use as a guide. Probably this 


246 NEW YORK STATE MUSEUM 


horizon will prove on detailed examination to be somewhat. vari. 
able, but I believe not with very wide limits.” bone 

About one mile south of the Turner schoolhouse sal near thes 2 
southern line of the township is Berne or Turner hill, the highest | 
hill in the township and perhaps the highest in the county, being — 
some 180 feet higher than Bradt hill or 2220 feet A. T. It forms — 
the high divide between the head waters of Stony creek and the 
Switzkill on the north and Tenmile creek and other branches of ~ 
Catskill creek on the south. Red’ shales and sandstones which 
are in the Oneonta formation outcrop near its summit as well as to 
the south in the northern part of Rensselaerville township. : 

In the southern part of Berne township along the principal west- 
ern branch of the Switzkill are thin blue shales and sandstones, 
some layers of which are irregular and contain iron concretions. 

The bluish shales are sparingly fossiliferous, containing very 
mucronate specimens of Spirifer mucronatus (Con.) Bill., and the 
recks are in the Hamilton formation. The dip is heavy to the 
east of south. At the bridge over this branch, one quarter mile ~ 
above the Switzkill and one and one half miles northwest of South 
Berne are coarse blue Hamilton shales. 

LV ©. To the east of South Berne and the Switzkill is a steep 
hill known as the Agrippa hill, the crest of which is perhaps one —_— 
and one half miles from, and some 500 feet higher than the Union 
hotel in that village. The western slope of the hill is well covered’ 
by drift but on the eastern side there are more frequent exposures. 
of shales and sandstones. To the east is the head of the Foxkill,. 
which has not cut so deep a valley as the Switzkill, and a section 
was constructed from this valley beginning perhaps one and one 
quarter miles WNW of Reidsville and extending to the top of the - 
hill. 


a 13th an. rep’t N. Y. state geologist, p. 240. 
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SECTION OF THE EASTERN SIDE OF AGRIPPA HILL 


LV C 
275’ ;———, Top of Agrippa hill 
| Ce mainly covered 
(ue 
198’ |——-— 
8’ | ©® Bluish shales with abundant fossils 
190’ |——— 
| C# Bluish gray sandstone: Alexander quarry 
15’ : 
: a 
120’ | C3 Partly covered but showing shales alternating | 
, with sandstones . 
55’ j———| C? Bluish sandstone: small quarry 
‘C! Bluish fossiliferous shales 
Q’ = Head of Foxkill 


The bluish argillaceous shales of C! are exposed along the - 
highway near the eastern base of the hill and certain layers are 
very fossiliferous. The species collected are as follows: 


,1 Spirifer mucronatus (Con.) Bill. (c) 
2: SS. granulosus (Con.) H. & C. (?) (rr) 
3 Camarotoechia sappho (Hall) H. & C. (a) 
40. congregata (Con.) H. & C. (Cc) 
5 Tropidoleptus carinatus (Con.) Hall (rr) 
6 Chonetes scitula Hall . (r) 
(6 5 ies setigera Hall . (c) 
8 Goniophora carinata (Con.) Hall (rr) 


_ 9 Pterinea flabella (Con.) Hall — | (rr) 


of the hill is the extensive flagging stone quarry known as tl 
Alexander or Agrippa. The lower part of it (C‘) consists of 1 


. stone are three feet of blue ee which is not used. Th 
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Above the chates of Ct the slope is case covered, bu 
are occasional ledges of thin bedded, bluish sandstone alte 


with shales. Small quarries have been opened in some of t ese 


ledges, the stone splitting into six inch layers. Toward the t 


feet of bluish gray sandstone which is worked for flagging, si 
and gels Near the middle: is a layer — for use, 1 = 


by the quarrymen. Again at the aoe of the even bedded aa 


of bluish, argillaceous shales (C°) which weather to an iron So 

and contain an abundant Hamilton fauna, specially Lamelli- 2 

branchs. The following species were collected in these BeehES , 
1 Spirifer audaculus (Con.) Whitfield 

S. mucronatus (Con.) Bill. . 

S. granulosus (Con.) H. & C. a Boe 

Productella dumosa Hall . 


ay 


Tropidoleptus carinatus (Con.) Hall mo é 
Dignomia_ alveata Hall ; | 
Camarotoechia congregata (Con.) H. & C. 

Ce sappho (Hall) H. & C. 

‘Glyptodesma erectum (Con.) Hall 


CoN FS 1K & 


Grammysia circularis Hall 
G. bisulcata (Con.) Hall 
Tellinopsis subemarginata (Con.) Hall 


ftp pet fet 
wore oS 


LInorhynchus multicosta Hall 


pas 
iw 


Modiomorpha concentrica (Con.) Hall 


pond 
Ot 


Gontophora hanultonensis (Hall) Miller 


jt 
=r) 


Nyassa arguta Hall 

Macrodon hamiltoniae Hall 
-Modiomorpha subalata (Con.) Hall 
Nucula corbuliformis Hall 


bP He 
owvan 


Nuculites triqueter Con. 
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21 Palaconeilo plana Hall : (c) 


22° P. perplana (Con.) Hall (r) 
_. 23 Pterinea flabella (Con.) Hall | (rr) 
24 Pterinopecten vertumnus Hall (r) 
25 Loxonema hamiltoniae Hall (?) (rr) 
26 Tentaculites attenuatus Hall (?) (rr) 
27 Strophalosia truncata (Hall) Beecher (c) 
28 Liopteria bigsbyi Hall | : (c) 
29 Aviculopecten princeps (Con.) Hall (?) (c) 
30° Orthoceras crotalum Hall (r) 
ol O. constrictum Van. (rr) 


The above fauna shows that the quarry is in the Hamilton: 
formation and it appears probable that it continues to the top of 


Agrippa hill which is only about 77 feet higher. 


LV Bt. In the southeastern part of Berne township near the 
head of Hannecrois creek is the little hamlet of Reidsville. In 
the vicinity of this village are several flagstone quarries from 


which large quantities of stone have been shipped. Just to the 
east of Reidsville is the Cumming’s quarry which has the follow- 


ing section: 


pee = Soil 


33 | Thin bedded blue Hamilton sandstone (“ callous” 
layer of the Peay) 


24’ | Blue flagging sandstone which splits into layers on 
the average about 24 inches in thickness 


———| Bottom of quarry 


The dip in this quarry is about 3°S10°W 
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LV B’. A few rods to the east of the Cumming’s quarry isthe __ 
Blue stone company quarry which in the lower part has five feeny - 
cight inches of flagging stone called “blue stone ” by the quarry: 


men. The flags split into layers varying from two and @ half to. 


three inches in thickness, while the layers from four to five inches ae s s 
in thickness are used for curbing. At the top of this flagging Pea 


stone is a layer which thins rapidly toward the northern end of 


the quarry. In the southern part it is one foot, seven inches in 


Bie 


thickness, while 100 feet farther north it has decreased to three _ 


inches. Above this are 7 feet of thin bedded sandstone, thrown 


away in quarrying, that contains Spirifer mucronatus (Con.) Bill. 


and plant stems. Fossils however do not occur abundantly. 


The section is as follows: 


122’ |———, Soil 


7’ | Thin bedded sandstone 
: Stripping of the quarry 


52’ |——— Layer of varying thickness 


52’ | Bluish gray sandstone 
Quarry stone 


———| Bottom of quarry 


There ig little soil on the rock so that the stripping is confined 
to the seven feet of thin sandstone layers. The following deter- 
minations of dip were made: 


About 3° S10°W 
2° to 24°W 
4° SW 


It varies however in different parts of the quarry since the > 


lower layers in the northern part are nearly level. One line of 


joint runs S10°W and N10°E, and this is crossed by another set 


trending east and west. 
From the above description it will be seen that the greater part 
of Berne is covered by the Hamilton and Marcellus formations, 
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the exceptions being in the northwestern and northeastern parts. 
where the Onondaga limestone occurs, and in the southwestern 
where the Sherburne and Oneonta formations are found. The 
line between the Hamilton and Sherburne formations enters the 
township from Schoharie co. on the hillside to the south of 
Stony creek which it follows to near its head when it turns to. 
the north and circles around the upper part of Bradt hill and 
then runs southeasterly into the northeastern part of Rensselaer- 
ville township. The lowest heavy line of the reds which is called: 
the base of the Oneonta formation follows a nearly parallel 
course though somewhat farther to the south and west than the 
Hamilton-Sherburne line. 


Rensselaerville 


Rensselaerville lies to the south of the western half of Berne,. 
forming the southwestern township of Albany co. It is: 
bounded on the east by Westerlo township, on the south by 
Greene co. and on the west by Schoharie. Its surface is 
mostly high land forming either a part of the Helderberg plateau 
or the northeastern Catskills. Its principal streams are the : 
Catskill creek which flows across the southwestern part receiv- 3 
ing the Potter hollow branch from the west, both streams flanked 
by high and steep hills, and Tenmile creek which flows in a 
southerly direction across the eastern part of the township re- 
ceiving Eightmile creek from the east at Meduea, and enters the 
Catskill creek below Oakhill in Greene co. About one mile 
west of Tenmile creek is a brook which flows parallel to it across. . 
the southern half of the township, entering the Catskill creek at 
Oakhill, which may be called the Oakhill brook. 
ae striking characteristic of many of the hills in this and other 
townships of the Helderberg region is the steep northern slope. 
and the gradual descent to the south due to the strong dip in 
that general direction. An excellent illustration is afforded by 
the ridge to the east of Rensselaerville which ends very abruptly 
on the north and slopes gradually to the south.. The steep 
northern end of this hill is clearly defined from the top of Agrippa 
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hill to the east of South Berne. The rocks in the high land of 
the northwestern part of the township are well covered ‘by soil’ 
and drift and there are two small glacial lakes in the north-. 
western corner. Near the head of the brook which enters the 
Catskill at Preston Hollow, about two and one half miles west of — 
Rensselaerville, are red shales which are approximately 950 feet 
higher than those on the bank of the Catskill below Preston 
Hollow. 


LVI A‘. On the bank of the Preston Hollow brook, approxi- 


mately 160 feet higher than the red shales on the Catskill is an 

olive shale at the base, then a crumbly, irregular shale, capped by 
@ coarse sandstone four feet thick (A’). Near the southern end of = 
this cliff there is a break in the rocks with a small overthrust 

fault. At this place the crumbly shale is shown near the top of 

the cliff, while at its northern end it is not more than three feet 

above the water. 

Gn the western bank of Catskill creek three fourths of a mile 
below Preston Hollow, and just above the bridge on the 
Presten Hollow-Cooksburg highway, is a fine exposure of red, 
argillaceous shale 20 feet thick (A‘). Near the center of 
the ledge is an olive band while some of it is mottled red and 
green. At the southern end of the cliff is a stratum of coarse 
grained, grayish sandstone which has either fallen or been pushed 
up. There is a small anticline shown in the cliff so that it is 
not possible to make any general estimate of the dip at this 
locality. These red rocks are near the base of the Oneonta for- 
mation which extends only about one mile farther south along 
the creek valley. This bluff of red shale is barometrically 950 
feet lower than the red shale near the head of the Preston 
Hollow brook, 1350 feet lower than the top of Berne hill and 
1100 feet lower than the base of the red shale near the Turner 
schoolhouse in the southwestern part of Berne township. The 
distance between these two localities is nine miles which gives 
a SSW dip of approximately 120 feet a mile. 

The Oneonta formation extends up the Catskill valley from 


south of Cooksburg to near the county line below Living- - | 
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stonville where lower rocks occur. Again below Cooksburg in 
the northern part of Durham township, Greene co. for a few 


- miles the creek has cut through the Oneonta formation and shows. 


along its valley the rocks of the underlying Sherburne formation. 


XXX C. The ridge to the east of Rensselaerville ends in an ab- 
rupt slope facing the valley of the Switzkill about one and one 
third miles directly northeast of ‘the village. At the base of the 
hill is a small quarry showing some six to eight feet of blue flag- 
ging stone covered by blue argillaceous shales in which Hamilton 
fossils are common. ‘These shales in lithologic characters are” 
very similar to the typical Hamilton and the exposure is in this. 
formation though near its top. The following species were 
collected and it will be seen that the fauna is very similar to 
that of the shales in the Agrippa quarry (55C®) near the top of 
Agrippa hill. Itis probable that both exposures are in the same 
general zone of the Hamilton formation: 


1 Productella dumosa Hall | (a) 
2 Spirifer mucronatus (Con.) Bill. : Ree oC; 
oS. granulosus (Con.) H. & C. (c) 
4 8. audaculus (Con.) Whitfield : ; (rr). 
5 Tropidoleptus carinatus (Con.) Hall (c) 
6 Camarotoechia prolifica (Hall) H. & C. (1) 
7 Chonetes mucronata Hall ; (rr) 
8 Orthothetes chemungensis (Con.) H. & C. 
var. arctostriata Hall .- (rr) 
9 Nyassa arguta Hall (r). 
10 Nucula corbuliformis Hall | (a) 
11 Tellinopsis subemarginata (Con.) Hall (r) 
12 Palaeoneilo perplana Hall (rr) 
13 Sphenotus solenoides Hall | (rr) 
14 Grammysia alveata (Con.) Hall (rr) 
15: G. circularis Hall ; (r) 
16 Paracyclas tenuis Hall (?) oa, (rr) 
17 Glyptodesma erectum (Con.) Hall | (c) 
18 Aviculopecten fasciculatus Hall (?) AS (a) 
19 Pterinea flabella (Con.) Hall hea (r) 
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20 Actinopteria boydi (Con.) Hall . eae 
21 Liopteria sp. — 
22 Pleurotomaria sulcomarginata Con. 3 Gs 
23 Bellerophon thalia Hall (?) Oo bey 
24 Orthoceras crotalum Hall ies e cn 
25 Phacops rana (Green) Hall | (rr) : 
26 Crinoid calyx". - ae (rr) e 


Above the quarry the rocks are well covered, but about 215 | 
feet higher than its base is a ledge of bluish sandstone on top’ 
of which are green blocky shales (C*). Near the farm house at 
the northern end of the hill about 285 feet above the Hamilton 
fauna are blocky red shales (C*) which show along the crest of 


the ridge at various places, following it to the south,and specially 
well on the Rensselaerville-Clarksville highway, crossing it 
about one mile farther south. At the four corners one and one 


quarter miles east of Rensselaerville is a good exposure of the 


red shale. To the east at the highest point on the road is red 
shale again and the terrace on the northern side of the road 


shows its rise to the north very nicely. Along the road down > 


the eastern side of the ridge are first green shales below the 


reds of the terrace, then reds again showing a thickness of more 


than 60 feet of the Oneonta formation in the upper part of the 


ridge. On the road 160 feet lower than the crest of the ridge ~ 


are greenish and bluish sandstones which are probably near the 
same stratigraphic position as the zone of XXX C at the northern 
end of the hill. The red shales of this ridge were noted and 
referred to the Oneonta formation by Darton who stated that 
in Albany co. “From the northeastward the first exposures 


of the Oneonta formation are near the summit of the high ridge ~ 


east of Rensselaerville, where the red shales outcrop along the 
road and in the adjacent fields over a narrow belt. This belt 


widens to the southward and covers all of the high region along 


the Westerlo-Rensselaerville boundary.’ 
XXXE. To the northeast of section XX XC and about two miles 
northeast of Rensselaerville is an excellent quarry known as the 


a@13th annual report N. Y. state geologist, p. 239. 
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Stewart flagstone quarry from which a large-amount of flagging 


has been shipped. There is from four and a half to six feet of 
good flagging stone that splits into layers, three, four and eight 


inches in thickness covered by 11 feet of stripping composed of 
shale and soil. The blue argillaceous shales on top of the flag- 


ging stone contain an abundant Hamilton fauna and the rocks 


belong in the upper part of that formation. The following 


species were collected: 


1 Spirifer granulosus (Con.) H. & C. (c) 
2. mucronatus (Con.) Bill. (r) 
3 Tropidoleptus carinatus (Con.) Hall | (c) 
4 Camarotoechia prolifica (Hall) H. & C. (rr) 
5 Orthis (Rhipidomella) vanuxemi Hall (2) | (rr) 


Internal impression poorly preserved. 


6 Orthothetes chemungensis (Con.) H. & C. 
var. arctostriata Hall (rr) 
Tt Productella dumosa Hall (r) 
8 (2?) Orbiculoidea sp. (r) 
9 Orthonota (?) parvula Hall (rr) 
10 Nucula corbuliformis Hall (c) 
BLN. Varicosa Hall | (er) 
12 Palaeoneilo perplana Hall (rr) 
13 Grammysia circularis Hall (r) 
14 G. lirata Hall (rr) 
15 Modiomorpha subalata (Con.) Hall (?) (rr) 
16 Goniophora hamiltonensis (Hall) Miller : (rr) 
17 Glyptodesma erectum (Con.) Hall . (r) 
18 Aviculopecten fasciculatus Hall (?) (c) 
19 Actinopteria boydi (Con.) Hall - (rr) 
20 Bellerophon brevilineatus Con. (rr) 
21 B. — thalia Hall (rr) 


This quarry is nearly two and a half miles southwest of the 


Agrippa quarry on the hill east of South Berne and the dip is 


about 14° S 35° EK. The accompanying picture serves as 
a fair illustration of the flagstone quarries in the upper Hamilton 
of Albany county and gives a clear idea of the one just described. 


t 
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XX AL Tenmile creek flows Heonen the western ae of 
Rensselaerville village forming a glen of some depth. In the 
lower part of the glen about opposite the village hotel are ledges 


of shales and sandstones. Part of the shales are of an olive color 3 


and argillaceous, splitting into very small pieces while others 
are more blocky in texture and mottled blue and greenish in — te 
color. The sandstones contain numerous irregular, fucoidal-like 
markings on the surface of the different layers. Again the 
surface of some of the layers is irregular as though deposited in | 
Shallow water where they were affected by currents and waves. 


The appearance of these rocks is similar to that of the transi- 
tional Hamilton in the North Blenheim region of the Schoharie 
valley. No fossils were found. 


XXX A”. Above the lower falls and bridge and extending to the © 
foot of the principal fall 40 feet above the base of the section — 
- which is only a short distance west of the village, are bluish 


shales, some of the layers forming a fairly hard sandstone in 


which fossils are common. The smooth shales alternating with 


these coarser layers contain very few, if any, fossils. The fol- 
lowing species were obtained from the sandy layers of this zone: 


1 Camarotoechia prolifica (Hall) H. & C. (Gc) 
2 Spirifer granulosus (Con.) H. & ce Qe 
oS. mucronatus (Con.) Bill. : (rr) 

4 Chonetes setigera Hall (Eyes 

5 Strophalosia truncata (Hall) Beecher (2) pe (r): - 

6 Goniophora hamiltonensis (Hall) Miller ; (r) 

7 Grammysia magna Hall (rr) 

8 Palaeoneilo constricta (Con.) Hall ~(r) 

9 Orthonota undulata Con. (rr). ~ 
10 Nyassa arguta Hall . (ery: 
11 (?) Sphenotus truncatus (Con.) Hall ~ | (rr) 

Quite imperfect specimens. : 
12 Pterinea flabella (Con.) Hall Sate 
13 Actinopteria boydi (Con.) Hall | Regn 
14 Loxonema hamiltoniae Hall (TERY Ss 
15 Tentaculites attenuatus Hall (PI), 


16 Taeniopora exigua Nicholson , | (c} 
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The above is a Hamilton fauna and apparently these shales are 

at the top of that formation as shown by the higher rocks. 

Succeeding the fossiliferous shales at the foot of the falls are 

i bluish and greenish shales (A%) with some mottled red and green 
shale in the upper part. At an elevation of 70 feet above the foot 

of the fall is a stratum of red, blocky shale (A*) succeeding which 

are 25 feet of alternating red and green shales extending up to a 
massive sandstone which forms the brink of the upper falls. The 

ved shale at the base of this zone was taken for the base of the 
Oneonta formation and is so represented on the accompanying 
map. If it represents the same zone as XXX°C® at the northern 

end of the ridge 1.7 miles to the northeast then the dip to the sw is 

~ 153 feet a mile. 

At the top of the falls is a massive reddish gray sandstone (A°) 
10:feet or more in thickness, the top of which is 145 feet above 
the base of the section. On this massive sandstone are thinner 
bluish sandstones. In the wall of the dam is a large block in 
which are the following species: 


1 Spirifer granulosus (Con.) H. & C. (?) che nee 
2 8: mucronatus (Con.) Hall (cr) 
3 Chonetes coronata (Con.) Hall | (rr) 
4 Camarotoechia prolifica (Hall) H. & C. (rr) 
5 Orthis (Rhipidomella) vanuzemi Hall (rr) 


Farther up the creek are reddish, greenish and mottled shales 
(A°) which extend to the dam at the lower end of Myosotus lake 
200 feet above the base of the section. The above section is” 
shown in tabular form in the reproduced diagram. 


XXX B’.Two and eight tenths miles to the sse of Rensselaerville 
is a gorge known as Felter’s glen which has been cut by an eastern 
branch of Tenmile creek. The lowest rocks (B?) which are green - 
argillaceous shales occur about 80 feet higher than the highway 
bridge. Above these occur layers of bluish sandstone with a 
slightly reddish tint, which contain sand holes and plant stems. 
These rocks are referred to the Sherburne formation oh account 
of their stratigraphical position, lithological appearance and the 
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absence of fossils. Some 60 feet higher than the lowest shales _ 


at the foot of Felter’s falls is a layer of blue, argillaceous shale a s 


(B*) in which Estheria sp. are common. Dr John M. Clarke after 
examining them says “I know no other species in our Devonian 
except my EL. pulex, which is a little fellow.” (Letter, dated Mar. 
21, 1898) \ 

Immediately above the blue shales are smooth, green shales 


breaking into irregularly shaped pieces in which no fossils were | 
found. The green shales are about 40 feet thick, but in the upper 


oe 


part of the falls and the rocky sides of the glen are coarse, blocky, {tips Se Mt 


red and mottled shales (B+). This zone is five feet thick and part | 


of it is very arenaceous almost forming a sandstone. This ae 


stratum is the lowest of the clearly red rock seen in the glen . vie 


and is called the base of the Oneonta formation. If the lowest 


iy 
cs 


red shale (XXX A*) in the Rensselaerville glen is at approximately — ie : 
the same stratigraphical position then there is a dip to the sse of 


62 feet a mile. It appears probable that the red shale of XXXC® 
at the northern end of the ridge 3.7 miles north of Felter’s glen — 


represents about the same zone as B! in this glen which gives a , é 


dip directly south of 117 feet a mile. 
Directly on the top of the zone of red shale and 185 feet higher 


than the base of the section is a red sandstone (B°) which forms — 


the brink of Felter’s falls. Above the falls for a short distance are 
greenish, irregular shales, then red and mottled red and green 


argillaceous shales, but after a few rods the rise is very gradual 
and the rocks are concealed by drift. The red shales are shown 


ai various places along the ridge to the north of Felter’s glen 


toward the Rensselaerville-Clarksville highway and also on the 
sides of the hills flanking Tenmile creek to the south of the 


glen. On the western side of Tenmile creek on the highway a 
short distance north of Medusa and five miles south of Rensselaer- 
ville are red argillaceous shales 125 feet above the bed of the 


creek in the village, while on the same road just north of Medusa 


are mottled red and green shales only 45 feet above the creek 
level. In the creek bed from the highway bridge to the foot of 
the dam are greenish and bluish shales and sandstones appa ae 


~ 
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in the upper part of the Sherburne formation. This upper part 
of the Sherburne formation is shown at various places along the 


lower valley of Tenmile creek to its junction with the Catskill 


in the northern part of Greene co. and for some distance along 
the valley of the latter creek both below and above the mouth of 
Tenmile creek. The lower line of the Oneonta formation along 
these two creeks is quite accurately shown on the Geologic map of 


New York except that it is carried several miles too far down the 


Westerlo 

To the east of Rensselaerville and south of the eastern half of 
Berne township is Westerlo which occupies a central position in 
the southern tier of townships in Albany co. The principal | 


streams are Basic creek which rises in the northern part and 


flows southerly across the central part of the township, Hight ~ 
Mile creek which rises in the western part and flows southwesterly 
into Tenmile creek and Hannecrois creek which flows across the 
northeastern portion of the township. The general elevation is 
less than that of Rensselaerville or Berne townships and the vari- 
ous ridges extending in a general north and south direction are not 
as steep. The western half of the township is quite heavily covered 
with drift so that any considerable exposures of the underlying 
rocks are infrequent. 


XXX D1. On the western side and near the top of the low hill 
about one half mile westof Dormansville is oneof the Dormansville 
flagstone quarries. At the base are three and a half feet of 
bluish flags on a weathered surface turning slightly reddish, the 
shaly partings of which contain fossils. Above are eight feet of 
bluish, argillaceous, somewhat blocky shales which are quite 
barren of fossils, next, a stratum of sandstone one and a half 
feet in thickness covered by another stratum of somewhat blocky, 
argillaceous shales in which small Hamilton lamellibranchs 
are abundant. These rocks have the lithological appearance of 
the Hamilton and contain its fauna and are clearly in this forma- 
tion. The following species were collected: 
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1 Spirifer mucronatus (Con.) Bill. Sere re a 
2 Tropidoleptus carinatus (Con.) Hall | ey ee 
3 Chonetes coronata (Con.) Hall Rie, Hen: ¥ 
AO, setigera Hall fee: 
5 Camarotoechia sappho (Hall) H. & C. eye. 
Gi tine prolifica (Hall) H. & ©. (rr) 
(Gree congregata (Con.) H. & C. eae 
8 Leda diversa Hall (rr). . 
9 Goniophora rugosa (Con.) Miller (Gry 
10 Nuculites oblongatus Con. i EE) eg 
11 Sphenotus truncatus (Con.) Hall (?) is Were 
ae Imperfectly preserved. Somewhat resembles Nyassa recta = = 
Hall. eee 
12 Nucula bellistriata (Con.) Hall (a) voy 
The specimens are smailer than the figures of this species ae 
; and are apparently the young, or perhaps the variety hes . 
noted in the Ithaca at Oneonta. . 4 
' 13 Nyassa subalata Hall (?) Ate 


2 


XXX D*. Just over the hill mentioned above on its eastern side 
is a larger quarry, nearly 10 feet of flagging stone showing in its — . Pe 
lowest part. The sandstone is the same stratum as the flagstone — 
of the other quarry and the quarry is much better not only on = 3 

account of the greater thickness of the rock but also because 

there is very little shale on top of the flags and consequently less" 

stripping. A thin sandstone in the shales near the quarry con- 3 
tains immense numbers of very mucronate specimens of Spirifer | - 
mucronatus (Con.) Bill. associated with Chonetes coronata (Congo 
Hall. The complete list is: | eee 


1 Spirifer mucronatus (Con.) Bill. (a) 
2S: sceulptilis Hall , Toe (r) 
3 Chonetes coronata (Con.) Hall i | (a) 
4 Tropidoleptus carinatus (Con.) Hall (a) 
5 Camarotoechia congregata (Con.) H. & C. (c) 
6 Sphenotus truncatus (Con.) Hall (rr) 
7 Glyptodesma erectum (Con.) Hall A 
8 Bellerophon patulus Hall (?) + Ty 


Imperfectly preserved. 
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_ In places the rock shows a dip of between 2° and 24° S about 


40° W. 

The Dormansville quarries were mentioned by Darton who 
states that they “are in a bed about 10 feet thick which yielded 
a very large amount of excellent flagging.”* Darton divided the 
Hamilton of Albany co. into two divisions, the lower one 600 
feet in thickness, which he called the “ Hamilton black shales ” 
aud the upper one the “ Hamilton flags and shales” 700 feet in 
thickness. He considered that “The beds of flags are not at any 
definite horizon, though the greater amount of flag which has 


‘been worked is from beds about 250 feet above the base of the 


series [his upper division]. . . The lower portion of the forma- 
tion is sparingly fossiliferous, particularly some of the softer 
thinner flags, which yield a Hamilton group fauna. The upper 


beds of the series may extend above the limits of the Hamilton 


group of western New York, but I have at present no definite 
evidence on this point.’’@ 

It seems that all of the important flagstone quarries of Albany 
county are in the Hamilton formation, as stated above, but it will 
be shown that farther south in Greene and Ulster counties many 
of the large quarries are above the Hamilton and in the Sher- 
burne formation. Again the writer considers that in Albany 
county the upper portion of Darton’s “ Hamilton flags and shales ” 
are above the top of the Hamilton as he thought they might be 
and in the Sherburne formation. 

On the hill east of Basic creek and some three miles northeast 
of South Westerlo is a prominent ledge (X XX D*) of massive red 
sandstone five feet in thickness. The surface is very irregular as 
though it had been worn by the ice. In the field to the east of 
the highway is a ledge some 15 feet in thickness. At the base is 
apparently a stratum of fed sandstone, then there are bluish gray 
sandstones which are capped by red somewhat irregularly bedded 
sandstones. In the southeastern part of the township about three 
miles east of South Westerlo are coarse, arenaceous shales and 


@ 13th annual report N. Y. state geologist, p. 241. 
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thin blue datittenee (XXX D) which ag the lithologie charactente : re 
of the Hamilton. In places they contain the characteristic fauna of . 
the coarse Hamilton deposits as Spirifer granulosus (Con.) H. & C., 

Spirifer mucronatus (Con.) Bill., Chonetes coronata jon) Hall, ete. wp 3 RR 
the complete list being: | ta 


1 Chonetes coronata (Con.) Hall — ae ayers 
2 Tropidoleptus carinatus (Con.) Hall (ce) , fi 
3 Spirifer mucronatus (Con.) Bill. ; Be. : | 3 

R48: sculptilis Hall (rr) 
5S. granulosus (Con.) H. & C. (rr) ~ eee 
6 Camarotoechia prolifica (Hall) H. & C. (ey Fons 
CC: sappho (Hall) H. & C. | COURT Rete 
8 Orthothetes chemungensis (Con.) H. & C. . § c 

var. arctostriata Hall 1 eae 

9 Glyptodesma erectum (Con.) Hall | (c) 

10 Nucula bellistriata (Con.) Hall | (er) 

11 Nyassa subalata Hall ~ . (r) 

12 Platyceras bucculentum Hall (?) (rr) 


The rocks of this locality are undoubtedly in the Hamilton 
formation. Near the highway corners one mile to the west of 
the Hamilton rocks is red sandstone of the Oneonta formation ~ 
while below are greenish shales and sandstones, in which no 
fossils were found, that are probably in the Sherburne formation. 


The red sandstone is 150 feet higher than the Hamilton exposure 


to the east and supposing the dip to be 100 feet a mile to the 
west which is apparently all that it is, then the red sandstone 
is approximately 250 feet stratigraphically above the Hamilton. 
On top of the hill one half mile east of South Westerlo is a 
prominent ledge of greenish red sandstone (XXX D*°) five feet in 


thickness which on the weathered surface has a dark red color. ae 


Above is a ledge of clear blue, thin sandstone which is cross- 
bedded. On the Geologic map of New York the exposures of red 
rock just described are mapped as in the Hamilton formation 
which is represented as covering all of the country to the east of 
Basic creek, its top occurring on the hills considerably west of 
the creek and South Westerlo. Along Basic creek above and 


AS “S68 ea Se a he Lo ee Oo ee Oe Sa Ul be whats PO aA i 2 posh! \.e ~ ’? eee eee | x > sp - oP) ea 
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below the bridge at South Westerlo are ledges of rather greenish 
sandstone and some shales in which no fossils were found. These 
rocks are 100 feet or more below the red sandstone on top of the 
ridge east of the creek and are in the Sherburne formation which 
extends down the creek into the northern part of Greenville 
township in Greene co. | 

The exposures in Westerlo and Rensselaerville townships show 
that red and gray rocks in lithological characters identical with 
the typical Oneonta formation have replaced the Ithaca formation, 
and that the reds appear at lower and lower stratigraphic horizons 
as, the strike of the formations is followed southeasterly from 
Schoharie co. 

The line of division between the Hamilton and Sherburne forma- 


_ tions enters Rensselaerville from Berne township about north of 
_Rensselaerville village, runs southerly into the Switzkill valley, 


then about easterly around the northern end of the ridge to the 
east of Rensselaerville village and then in a general southeasterly 
direction across Westerlo township. The line is somewhat to the 
west of Westerlo (Chesterville) and Dormansville and leaves the 


_ township near its southeastern corner, three miles east of South 


Westerlo. The drift conceals the older rocks so thoroughly over 
a large part of Westerlo that it is difficult to trace the line of 


separation between the different formations. The red shale and 


sandstone at the base of the Oneonta formation is a much more 
irregular line than the one between the Hamilton and Sherburne 
formations. ‘The red shale enters Rensselaerville township near 
the middle of its northern line to the west of the Switzkill, shows 
in the gorge of Tenmile creek west of Rensselaerville village and 
then runs about southerly on the eastern side of the hill to the 
west of this creek to its end east of Oak Hill in the northern part 
of Durham township Greene co. Then it extends up the 
valley of the Catskill across the line into Rensselaerville town- 


| ship below Cooksburg where it crosses the creek and follows 


the western side to below Eagle bridge more than one mile below 
Oakhill, then it crosses the Catskill back to the east and fol- 
lows the western side of the ridge east of Tenmile creek to its 


” ‘ 
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: 


northern end northeast of Rensselaerville village. From the ey 


northern end of the above ridge the direction is in general south- 
easterly across the southwestern portion of Westerlo in the valley 
of Basic creek, which it crosses below South Westerlo, in the © 
northern part of Greenville, Greene co. and runs northeasterly 


along the ridge east of the creek and South Westerlo till it turns 


southeasterly again and crosses the line into Greenville about two 
miles east of South Westerlo. It will be noticed on referring to 
the accompanying geological map that in the southern part of | 
Albany and northern part of Greene counties the boundaries of — 
the formations make frequent loops to the north,. and this is 
caused by the abrupt northern ends of the ridges between the 
streams which have a generally southerly direction, so that a line 
follows down the flank of a hill on the western side of a stream 
till it crosses it when it follows the rise of the ridge on the east. 
frequently till it makes the turn around its northern end. As 
already stated the red rocks of the Oneonta formation extend con- 
siderably farther east along the southern line of Westerlo than is 
represented on the Geologic map of New York since they cross. 
Basic creek to the east below South Westerlo and run southeast- 
erly across the northeastern part of Greenville township instead 
of keeping to the west of Basic creek until several miles below 
West Greenville. . 
GREENE COUNTY 


Greene co. lies to the south of Albany and the eastern part 
of Schoharie co. and extends eastward from Delaware co. 
1o the Hudson river., The Schoharie river rises in the Catskills, 
which cover the western half of the county, and flows in a north- 
westerly direction till it enters Schoharie co. The eastern 
face of the high land or plateau out of which the Catskill moun- 
tains have been carved by denudation ends abruptly, and when 
seen from the comparatively low land between -the mountains 
and the Hudson river has the appearance of a high and massive 
mountain range. To the east of the mountains is a rolling country 
with low and generally rounded hills till the limestone ridges are 
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reached to the west of the immediate valley of the Hudson river 
when we find folded rocks forming steep hills of considerable ele- 
vation, composed of the formation belonging in the upper 
Silurian system and the lower Devonian which extend 
across the county with a ssw trend about parallel to the course of 
the river. ‘The principal streams to the east of the Cats- 
kill mountains are the Catskill creek from the northwest 
and the Kaaterskill from the southwest which unite just after 
cutting through the sharply folded limestone hilly west of Catskill 
and enter the Hudson river near that town. The rolling country 
to the west between these hills and the base of the mountains 
is composed mainly of the Hamilton, Sherburne and lower part of 
the Oneonta formations, while from the upper part of the eastern — 
border range of the Catskill mountains westward across the county 
into Delaware and southward across Ulster co. the rocks belong 
- in the Catskill formation. 


Northern townships 


The northern tier of townships in Greene to the south of Albany 
co. is composed from east to west of New Baltimore, Green- 
ville and Durham. The great amount of drift found in New Balti- 
more and Greenville townships similar to that already mentioned 
in reference to Westerlo rendered it extremely difficult to trace the 
top of the Hamilton formation. Only a few exposures yielding 
Hamilton fossils were found in New Baltimore township but this 
was due in part to the fact that the country examined somewhat 
carefully was found to be underlaid by rocks near the top of that 
formation and above it in the Sherburne. By the side of the road 
in the hamlet of Medway are bluish shales containing a few Hamil- 
ton fossils, and the rocks are clearly in that formation. The 
species collected are: 


1 Camarotoechia prolifica (Hall) H. & C. (c) 

2 Nucula corbuliformis Hall (?) (rr) 
Broken and poorly preserved specimens. 

3 Tentaculites sp. (er) 

4 Crinoid segments (c) 
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One and one fourth miles northwest of Medway is the Medway 3 


Park hotel and by the side of the small pond to the north of it are 
fine, bluish argillaceous shales which contain a few Hamilton 


fossils and are evidently in that formation. The listisasfollows: 


1 Chonetes coronata (Con.) Hall (c}) - ‘ 
QC. setigera Hall | (a) 
3 Spirifer mucronatus (Con.) Bill. (c) 

4 Camarotoechia prolifica (Hall) H.&C. ea Cc) 
5 Nuculites oblongatus Con. | (rr). 
6 Tentaculites sp. | | (cr) 


Imperfectly preserved. : s 
On the northern road from Medway Park hotel to Grapeville 
near the top of the ridge between the two branches of Cabin river 


are fossiliferous rocks which are also apparently in the Hamilton 


as will be seen by the following species: 


1 Spiifer mucronatus (Con.) Bill. | (c)- 

2 Chonetes coronata (Con.) Hall : 

3 Camarotoechia prolifica (Hall) H. & C. (r) 
4 Orthonota (?) parvula Hall eh meh 

50: '  carinata Con. jy (rr) 


The top of the same ridge however on the southern road one 
half mile farther south is composed of rather greenish, unfossil- 
iferous shales similar in lithologic appearance to the Sherburne. 
On the highway to the east of Cabin river one mile below Grape- 
ville and 150 feet lower than the greenish shales on top of the 


ridge to the northeast are bluish shales containing Hamilton 


fossils. Passing westward these were the last Hamilton fossils 
seen and the top of the Hamilton has been represented as cross- 
ing from Westerlo the northeast corner of Greenville into New 
Baltimore township. Then it runs along the western side of 
Cabin river as far perhaps as one mile below Grapeville, when it 
crosses the river, makes a loop round the ridge on the eastern 
side and follows that southeasterly toward Urlton (formerly 
Jacksonville) in Coxsackie township. There are possibly reddish 
rocks on the ridge west of Grapeville, but one and one half miles 


farther west on the ridge east of East Greenville are clear red 
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argillaceous shales. A mile east of the village is a good exposure 
of the red shales and along the highway from East Greenville to 
Greenville are several outcrops of red shale and sandstone. At 
the top of the hill just east of Greenville are thin red sandstones. 
The base of the Oneonta formation is represented on the map as 
crossing the northeastern part of Greenville township to the east 
of East Greenville and the southwestern corner of New Balti- 
more into the northwestern corner of Coxsackie township. This 
line of the base of the reds or Oneonta formation is represented 
on the Geologic map of New York as on the ridge west of the creek 
at West Greenville, while as a matter of fact it is on the Norton 
hill—East Greenville highway four and one third miles farther 
east. 


LVII D2. From East Greenville across the northern part of 


Greenville and Durham townships the rocks all belong in the One- 


onta formation till the valley of Tenmile creek is reached east of 
Oakhill in Durham. Not much above the creek’s mouth by the 
highway and opposite the mill on its western bank are fine blue 
argillaceous shales and a layer of them 30 feet above the level of 
the creek contains numerous specimens of: 
1 Estheria sp. | (a) 
2 Beyrichia sp. (2) 
These shales are in the Sherburne formation which as already 
described extends up the creek valley to Rensselaerville and 
down it to below its mouth on the Catskill. ; 
Red argillaceous shales occur on the road across the southern 
end of Pine Tree hill which forms the divide between Tenmile 
and Kelsey creeks, 160 feet above the level of Tenmile creek at 
the mill or 110 feet above the creek level at the first bridge north 
of the mill: These shales were regarded as the base of the 
Oneonta formation and occur at the same position as represented 


Es 
Se 


on the Geologic map of New York. From the base of the red | 


shales to the top of Pine Tree hill on the road toward Medusa 
there are 95 feet of red shales with some greenish layers. Near 
the ‘‘ pine tree” on the road across the southern end of the hill 


one half mile northeast of Oakhill there is an outcrop of red 


268 NEW YORK STATE MUSEUM 


shale some 220 feet above the Catskill creek level in Oakhill. _ 


This exposure is apparently about 100 feet above the base of the 
Oneonta, but the rocks are covered by drift along the road 
down the western side of the hill. ! 


LVII A’ At Oakhill Kelsey’s creek flows into the Catskill 
from the north. In the lower part of the glen just above 
the, street bridge and 15 feet above the level of Catskill are 
blue, argillaceous shales which contain specimens of Hstheria sp. 
apparently the same as those found at the foot of Felter’s falls 
in Rensselaerville township. Higher in the glen are green argil- — 
laceous shales, which belong in the Sherburne formation that 
extends up this creek for a distance, and greenish sandstone with 
some that is dark gray in color. Loose pieces of red sandstone 
were also noticed in the upper part of the glen. It is reported by 
some of the residents of Oakhill that natural gas comes to the 
surface just above the street bridge in Kelsey’s creek. Red shale 
and sandstone show on the highway three fourths of a mile north- 
west of Oakhill not far below the first cross road across the 
creek, and about 225 feet above the -level of the Catskill in 
Oakhill. On the cross road is an outerop of red shale with some — 
that is green in color 115 feet higher than the creek at Brown’s” 
mill. Red sandstone forms a ledge on the western bank of Cats- 
kill creek rather more than three fourths of a mile above Brown’s 
mill and not far below Cooksburg. This ledge according to the 
contour lines on the “ Durham sheet ” of the United States topo- 
graphic map has an altitude of about 740 feet above sea level. 
From this locality the base of the red rocks were followed south- 
easterly along the western side of Catskill creek. In the brook 
below Durham village the lowest red rocks seen are shales which 
occur at an elevation of 720 feet A. T. Below this outcrop the 
rocks are mostly covered along this brook and this shale may not 
be at the base of the reds. In a small brook entering the 
Catskill from the west at Eagle bridge and mill, one mile below 
Oakhill are red shales only 30 feet above the level of the creek 
and below them along the brook and on the bank of the creek are 
bluish and olive argillaceous shales which are probably at the 


Bilis i. 
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top of the Sherburne formation. The dip is 24° S, 60° E on the . 


bank of Catskill creek below the bridge. The red shales at this 


locality are considered to be the base of the Oneonta formation 
which does not extend much farther down the creek. On the 
Geologic map of New York the base of the Oneonta formation is 
represented about three miles farther down the creek near Hast 


Durham, but there are occasional exposures of the red rocks 


along the creek between the two localities. The bed of Catskill 
ereek east of East Durham is composed of red sandstone while 
on the western bank one mile above the East Durham bridge 
there is a ledge 25 feet high composed of red shales alternating 


with grayish and greenish shales and sandstones. There is a 


heavy dip to the SE along this part of the creek valley. , 


LVIIB On the western bank of Catskill creek just below the - 
highway bridge, a short distance south of Oakhill, are ledges 15 


- feet in thickness (B1). These rocks are mainly greenish argillaceous, 


shales with some bluish shale and alternating with them are sand- 
stone layers. The sandstones are bluish to greenish in color and 
ihe fine greenish shales contain plenty of concretions of iron 


‘pyrites, which in weathering stain them in spots and streaks a 


rusty color. Loose in the creek is a large conglomerate boulder 
containing some quartz but a much larger number of clay pebbles. 
The dip at this locality is about 3° S, 60° E; while directly south 
the rocks appear to lie nearly horizontal. In this region of south- 
ern Albany and northern Greene counties there has been appar- 


ently some gentle folding which is well obscured by the heavy 


covering of drift. No fossils were found in these rocks which are 
in the upper part of the Sherburne formation. Near the above 
locality a stream enters Catskill creek from the west which I 
have called Durham creek, and a section along this creek and 
highway from the creek through Durham and West Durham to 
the crest of the eastern line of the Catskills was carefully studied. 
The variaus outcrops found along this section are shown on the 
following diagram in which the altitudes are based upon the | 
contour lines of the ‘“ Durham sheet ” of the United States geo- 
logical survey. 
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The rocks along the lower part of Durham creek are mostly 
covered; but about 80 feet higher than the Catskill creek level 
is an outcrop of red argillaceous shale (B2) in its bed. This 
locality is below Durham just beyond the house of Noah Scutt, 
where there is perhaps in all a 10 foot ledge with three feet of 
red shale at the base. This ledge ‘is in the red rocks of the. 
Oneonta formation near, if not quite at, its base, and is appar- 
ently at the same locality at which the base of the Oneonta form- 
ation is represented as crossing this creek on the Geologic map of 
New York. A little higher below and under the viaduct just east 
of Durham village are 23 feet of bluish sandstone with some 
greenish argillaceous shale partings. No fossils were found in 
these rocks. The dip varies considerably in amount even in a 
short distance, as for example at the base of this outcrop it is 
about 4° to the SW and 2° S, while above the viaduct it is 
54° S. It is rather difficult however to determine the amount of 
the dip accurately on account of some irregular bedding in the 
rocks. On the highway about one mile west of Durham are 
coarse grained, irregularly bedded, grayish to greenish gray sand- 
stone in thin layers, 30 feet or more of which are exposed. In 
the upper part of this outcrop some 550 feet higher than Catskill 
creek is a thin layer of bluish sandstone (B*) containing fossils. 
The list is as follows: | : 

1 Spirifer mucronatus (Con.) Bill. (c) 
Small specimens. 
2 Orthothetes chemungensis 
var. arctostriatus (Hall) H. & C. . (a). 


3 Tropidoleptus carinatus (Con.) Hall ! (r) 
4 Homalonotus dekayi (Green) Emm. (rr) 
5 Nuculites triqueter Con. : (rr) 
6 Chonetes scitula Hall (c) 
7 Palaeoneilo constricta (Con.) Hall (rr) 


Above the fossiliferous layer is a thin stratum of conglomerate 
possibly one foot in thickness. This outcrop is by the roadside 
just below the E. A. Moss house one mile west of Durham village, 
opposite the 25th mile post and a little below the crossroad to the 
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south. Loose shales were also found at this place which contain 
a fair number of fossils, apparently Hamilton species. Perhaps 
the shales are from a boulder though they are lumpy as though 
they had not been transported very far. 

The fossiliferous layer described above occurs 475 feet higher 
than the red shales of B? in the creek below Durham. Red shales 
and sandstones are conspicuous at various localities on the west- 
ern side of Catskill creek below this fossiliferous bed and all of 
that region is colored as in the Oneonta formation on the Geologic 
map of New York. This classification has been accepted by the 
author for the purpose of geological mapping for, on account of 
the almost entire absence of fossils it would be next to impossible 
to draw a line separating these formations unless some prominent 
lithologic character like the first appearance of the reds be select- 
ed for such purpose. Such a line is not a continuous one for it 
represents horizons of somewhat different geological age at differ- — 
ent localities, but perhaps it is as good a method as can be de- 
vised for the separation of these rocks. It seems to the author 
that this lentil of fossils 475 feet above the base of the reds shows 
conclusively that the reds in Albany and Greene counties ap- 
peared near the close of the Sherburne and practically replaced 
the Ithaca formation by rocks which are indistinguishable from 
those of the Oneonta formation. On the road 815 feet higher 
than Catskill creek are greenish argillaceous shales containing 
fragments of plant stems. Greenish and reddish shales, the reds 
rather arenaceous, occur 75 feet higher. At the base is a grayish 
sandstone and the entire outcrop is 25 feet in thickness.. This 
locality is on the road just east of the stone schoolhouse and one 
mile east of West Durham. At the forks of the road just west 
of West Durham and the cemetery are coarse, greenish sand- 
stones alternating with red and green shaies, 1330 feet higher 
than Catskill creek. Glacial striae show very well on top of the 
greenish gray sandstone running about W, 10° N, and E, 10° S. 
Below the fork toward West Durham there is greenish sandstone 
alternating with reddish shale, but for 50 feet or more the sand- 
stone predominates. Just above the fork on the road turning 


ee 
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south is a good exposure of red shale. On the Geologic map of — 
New York the base of the Chemung is represented as crossing the 
highway just above this fork which is 1260 feet or more above 
the lowest reds seen in Durham creek. This would give a thick- 
ness of 1250 to 1300 feet for the Oneonta formation. Above the 
road fork on the southern road'there are 120 feet of nearly con- 
tinuous outcrops of rocks which are mostly reddish shales with 


-gome greenish streaks. Lithologically they are not different from 
the reds of the Oneonta below or those of the Catskill above. 


On account of the supposed Chemung age of the rocks for the 
succeeding 250 feet the outcrops from this fork to the Sutton 
gap were carefully examined by my assistant in the Greene 
county field work, Mr R. B. Rowe, and myself. 

As already stated, from the top of the greenish sandstones at 
the road'‘forks 1990 feet A. T., for 120 feet the rocks are mainly 
red shales, as shown on the south road, on the western road at 
2140 feet A. T. is red shale which contains.the branching plant- 
like form not uncommon in the Catskill rocks. This is succeeded 
by massive gray sandstone which is partly covered in the field but 
apparently extends to 2210 feet A. T. with a stratum of red shale 
near the middle of the zone. About 55’feet higher is the Sutton 
gap pass which on the Geologic map of New York is represented 
as at the base of the Catskill formation. The position and char- 
acter of these rocks which have been referred to the Chemung 
are well shown in B? of the accompanying ‘section. Mr Darton 
described these so-called Chemung rocks as follows: “ This mass 
becomes harder and coarser eastward and was traced ‘to and 
along the eastern front of the Catskill mountains, its base defin- 
ing the upper limit of the Oneonta formation. Its thickness aver- 
ages about 250 feet. It is overlain by a red shale bed 25 to 30 
feet in thickness and this in turn is overlain by the thick mass of 
hard, gray sandstone on which the old Mountain house is built. 
At a point about four miles due west of' Durham some molluscan 
remains were found in a softer gray bed about 175 feet above the 
Summit of the Oneonta formation. One fairly distinct individual 
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was recognized by Dr Hall as Spirifer disjunctus, a Chemung 
form.’ 

In our search we were not successful in finding fossils in this” 
zone except Lepidodendron sp. and fragments of plant stems. It 
is very evident however that there are no 250 feet of coarse, gray 
sandstones, but in the upper half of the zone are heavy layers of 
grayish to greenish gray sandstones alternating with red shales 
and sandstones. The lower half of the zone is composed largely 
of red rocks, but in the upper half there are two heavy ledges of 
the greenish gray sandstones separated by red and green shales 
with a thickness of from 70 to 80 feet. On the hill to the south 
of the pass the rocks are largely red shales and sandstones with 3 
some layers of greenish sandstone. This hill is mapped as in the 
lower part of the Catskill formation on the Geologic map of New 
York and it has an approximate altitude of 2490 feet A. T. 


LVII C. To the southeast of the point just described on the 


southern side of Sutton gap is Mt Pisgah, at the corner of Cones- 


ville and Durham townships, which is given as 2885 feet A. T. on 
the “Durham sheet.” of the United States geological survey. 
For my barometric section I obtained an altitude of 2940 feet A. 
T., but the readings were probably affected by rain. Guyot gave 
its altitude, determined by the barometer, as 2905 feet. The ac- 
companying section of the southern side of Mt Pisgah gives the 
relative position and thickness of the prominent ledges shown on 
its flank. Not much above the highway on the south side of the © 
mountain are two conspicuous ledges of massive, greenish gray 
sandstone, the lower one (C®) 30 feet thick with red sandstone on 
top, and the upper one (C*) 15 feet thick above which is red shale. 
The dip of this sandstone is between 34° and 4° 8S, 30° W. On 
the Geologic map of New York the area of these sandstones is 
colored as in the Chemung formation and it is probable that they 
are stratigraphically in the upper part of the zone called Che- 
mung on the Catskill turnpike to the north, though the heavy 
dip to the south would carry those sandstones rapidly below the 
altitude which they have on that highway. For the succeeding 


a Amer. jour. science, 3d ser. 1893. 45:207. 
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part of the mountain there are ledges of greenish gray and bluish | a < 


sandstones alternating with red sandstones and shales, while the e z 


red rocks predominate in the upper 450 feet. No fossils were 


found in any of the outcrops and they certainly agree in litho- Se a 


logic characters and stratigraphic position with the rocks of the 


Catskill formation. 


Eastern townships 


The eastern townships of Greene co. from the north to tie sede 


south are New Baltimore, Coxsackie, Athens and Catskill, while 
Cairo lies to the south of the western part of Coxsackie and west - 
of Athens. The lines separating the Hamilton and Sherburne 
and the Sherburne and Oneonta formations have already been : 


described across New Baltimore township and they will now be 
traced to the south across the county. 


Along the Cabin river from Grapeville in the western part of me 


New Baltimore township to Urlton in the western central part of 


Coxsackie township, there are numerous small, rounded hills 


composed largely of soil, gravel and boulders, between which are 
marshy and swampy flats. The rocks are mostly covered by 
these drift deposits so that it is a difficult region in which to trace 
the boundaries of geological formations. : 


LVIII A! On the bank of a small brook one fourth mile south- 


east of Urlton are blue fossiliferous shales in which typical Hamil- 
ton fossils are abundant. The fauna is as follows: 


1 Chonetes coronata (Con.) Hall (a) 
2 Spirifer mucronatus (Con.) Bill. (c) 
3 8. granulosus (Con.) H. & C. (rr) : 
4 Goniophora hamiltonensis (Hall) Miller . (r) 
5 Orthonota undulata Con. (r) 
6 Nucula bellistriata (Con.) Hall (rr) 
7 Nuculites oblongatus Con. Ad (rr) 
8 Limoptera obsoleta Hall (r) 
9 Actinopteria boydi (Con.) Hall (rr) 
10 Tentaculites bellulus Hall a ee 


These rocks are indisputably in the Hamilton formation. The 


~ 


dip is 44° to the SW, while on the northern point of Coleberg hill 4 3 
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to the southeast there is a dip varying from 6° to 9° N, 80° W. 
The increase of the dip is apparent as one goes eastward toward 
the folded ridges which become more conspicuous farther south 
in Athens and Catskill townships. Southeastward the Hamilton 
formation is found at the summit of the highway where it crosses 
the northern end of Coleberg hill. 

On the hill to the west of the East Branch Potuck and about 
one mile west of Urlton are green and red shales. The outcrop 
is on the road toward Result and west of the first road turning 
north on the western side of the West Branch Potuck. The 
shales are argillaceous and above them is reddish sandstone. On 
the Geologic map of New York the base of the Oneonta formation 
is drawn at the three corners west of Result, two and one fourth 
miles west of this locality. There are other outcrops of the red 
rocks along this highway to the east of the region mapped as 
Oneonta, and on the hill to the east of Result is a massive ledge 
of red sandstone. : 


LVIII B! Two miles south of Urlton the East Branch Potuck 
and West Branch Potuck unite forming Potuck creek. One fourth 
mile to the west on the Gayhead road is the Baker flagging stone 
quarry where a ledge 10 feet thick has been opened. Itis a blue 
sandstone making fair flagging and the flags contain a fair num- 
ber of specimens of Spirifer granulosus (Con.) H. & C., Camarotoe- 
chia congregata (Con.) H. & C. and Palaeoneilo constricta Hall (?). 
This sandstone ridge is evidently in the Hamilton formation 
though near its top, for at the four corners three fourths of a mile 
to the west are red argillaceous shales which continue to the 
west along the Gayhead road across the northern end of Indian 
ridge. : 

To the east of the Potuck creek it is very rocky and rugged, 
making an extremely poor farming country. The rocks of 
Potuck hill and the smaller ridges to the west on the eastern side 
of the creek apparently belong in the Hamilton formation, which 
in this region is composed mainly of sandstones and coarse, 
arenaceous shales. From Urlton the top of the formation ap- 
parently follows the valley of the East Branch Potuck and 


gana end of Potuck creek the rocks dip about 8° W. Te 
In the gorge of the Potuck at the Potuck mill about one ote 


at the base and in the upper part of the banks are bluish shales _ 
and sandstones, some of which show very good examples of rip- _ 2 
ple marks. No fossils were found though careful search “was 
made for them, and the dip is 8° W. These rocks apparently bes 
long in the Sherburne formation and this conclusion is supported x 
by the presence of red shales 215 feet higher on the steep, eastern a 
side of the southern end of Indian ridge. Red sandstone and 
Shales outcrop at the three corners at the southern end of Indian — 
ridge 145 feet higher than the outcrop mentioned on the eastern rs 
slope. On the road down the southern end of the ridge from the = 
above three corners there are several outcrops of red shale, the oe 
lowest one only 65 feet above the level of the Catskill creek road. 
Red argillaceous shales with red sandstone above are shown on ~ 
the northern bank of the Catskill creek below the place at ‘ile : 
the highway turns toward Cairo. The Sherburne formation does. wee 
not extend much farther up this valley and it is at about this 
point that the base of the Oneonta formation is represented as . | 
crossing the creek on the Geologic map of New York. | Eig 
On the bank of a small brook entering Catskill creek from the cm 
south one half mile above South Cairo are red argillaceous — | 
shales and sandstones of the Oneonta formation. Above ae 
reds are coarse, gray to bluish sandstones which dip 8° 8, 20° ES 
Farther west toward Cairo a prominent ledge of sandstone, on 
which glacial striae are nicely shown running a little E of 8, 
crosses the highway. On the southern bank of Catskill creek 
one and one fourth miles below South Cairo and nearly opposite te 
Potuck creek are green argillaceous shales and sandstones below 
which is very hard, coarse grained, greenish to reddish sandstone . Z 
with some red argillaceous shales. The dip is from 34° to 5° N, oy ‘ 
70° W. This variation in the direction of the dip noted at dif- 
ferent places along this part of Catskill creek shows that the 
rocks are gently folded in this region. 
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LIX A! In the highway and railroad cut just above the toll gate 
one mile above Leeds are blue fossiliferous sandstones and shales. 
~The rocks are greatly indurated and on weathering much stained 

by iron. The strata show a small roll and the locality is about 
opposite the western base of Potuck hill. The formation is clear- 
dy the Hamilton as is shown by the following fauna: 


1 Tropidoleptus carinatus (Con.) Hall (a) 
2 Chonetes coronata (Con.) Hall . (aa) 
3 Camarotoechia sappho (Hall) H. & C. (?) (rr) 
4 Paracyclas lirata (Con.) Hall | (r) 
5 Nucula bellistriata (Con.) Hall : re fce 
6 Prothyris lanceolata Hall (rr) 
7 Grammysia sp. | (rr) 


In the Catskill creek above the falls at Leeds and farther up | 
are outcrops of the Onondaga limestone while to the west the 
Marcellus shale is not exposed, being covered by the deep soil 
of the creek valley. The precipitous and rocky Vedder hill rises 
on the western side of the Catskill creek valley to the southwest 
of Leeds, the rocks of which belong in the Hamilton formation. 
In fact the exposures in the railroad cut at LIX A! are at the north- 
- ern end of this hill where it is terminated by the Catskill valley, 
but the hill is really continued on the northern side of the creek 
by Potuck hill. On the road leading southwest from the toll 
gate up and along the western slope of Vedder hill the Hamilton 
fossiliferous shales were seen at an outcrop 70 feet higher than 
the one in the railroad cut, while at a point 160 feet higher is a 
ledge of bluish sandstone with some that is coarse grained, gray- 
ish, and very hard. Before reaching the summit of the highway, 
about 215 feet higher than the railroad cut, a ledge of red, argil- 
laceous shale crosses the road which was considered the base of 
the Oneonta formation. | 

At the three corners two miles east of Lawrenceville are red 
shales. In the Bloom quarries in that vicinity the stone is some- 
what striped bluish to bluish gray sandstone which splits in thick 
layers. Between the lower and upper quarry ledges are greenish 


stones but into thicker layers. These stones are heeds than th ae 
pomuton flags and they are oe into pecs Sade paving. ‘No fos 


burne formation. At the place aiere the Uawnentevii - 
crosses the small brook which is followed down the eastern si 
of this ridge into the Kaaterskill creek valley are typical aly 
Hamilton shales containing characteristic fossils. 3 
1 Spirifer granulosus (Con.) Hall” 

2 Palaeoneilo constricta Hall | 

3 Grammysia alveata (Con.) Hall : 

4 Schizodus appressus (Con.) Hall. atu 

5 Elymella nuculoides Hall — 
6 Pleurotomaria sulcomarginata Con. 

7 Bellerophon lyra Hall 

8 Spirophyton velum Van. 


This outcrop is some 300 feet higher than the Kaaterskill creek 
which flows northeasterly for five and one half miles at the east- 
ern base of this steep ridge. The greater part of the Kaaterskill 
valley for this portion of its course has been cut out of the com- _ 
paratively soft Marcellus shales which are shown on the eastern | 
bank south of the bridge on the road from Catskill through Kis- | . 
katom to Palenville. The western side of the ridge to the east | 
of the creek is composed of the Onondaga limestone, the distri- — 3 
bution of which is well shown on Prof. Davis’s map of “The folded. ; : 
Helderberg limestones in Greene county, N. Y.’% 

The rocks to the west of this bridge forming the fat terrace _ 
are no. 132'of Mather’s section from Catskill mountain to the 
eo creek which he described as “ ae shales and chal 


a Bulletin Museum comparative zoology, v. 7, Geol. series, v.1, no. 9, 1883, pl. 13. 
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a from the Ithaca group to the Marcellus shales.”* In another 
place he states that “This part of the series can be examined 
satisfactorily only by following up the bed of a stream near which 
the turnpike passes. These strata are probably 1000 feet in 
- thickness.” oat 

_ On the roads to the west of Kiskatom are numerous outcrops 
of red shales and some sandstones. On the road to the south 
leading down into the Kaaterskill valley are massive, hard sand- 
stones with banded structure which are in the Sherburne forma- 
tion. In a small quarry some 35 feet lower are massive sand- 
_ stones which split into thick layers. Plenty of'plant stems were | 
found in these rocks but no other fossils. The dipis 8° N 60° W. 
At the three corners of the road a little lower than the quarry 
are blue shales containing Hamilton fossils, consequently it ap- 
pears that the sandstones in the quarry are near the dividing 
line between the Hamilton and Sherburne formations. 


LX Aiand2 At the High falls’ on the Kaaterskill creek not far 
‘from the Greene and Ulster county line is a deep and rocky gorge 
in which the upper Hamilton rocks are finely shown. Below the 
massive sandstone stratum which forms the bed of the creek _ 
above the falls are rather fine, blue argillaceous shales (A?) which 
contain a fair Hamilton fauna of the species usually found in the. 
fine shales of that formation. The following species were col- 
lected from these shales: 


1 Tropidoleptus carimatus (Con.) Hall (c) 
2 Chonetes coronata (Con.) Hall (c) 
3 C. lepida Hall . (rr) 
4 0. setigera Hall 3 (r) 
5 Strophalosia truncata (Hall) Beecher (2) (rr) 
. Imperfectly preserved. 
6 Spirifer mucronatus (Con.) Bill. (rr) 
ey granulosus (Con.) H. & C. } (c) 
8 Stropheodonta perplana (Con.) Hall (rr) 


a Geology of New York. 1843, P. 1, p. 305. 
b Ibid., p.306. 
ce Also called ‘* Great falls.”’ 


oe oA 


“them is a ae sandstone (A2) between three mad four ioe - 


(2260. © - erotalum Hall (?) 


9 Palaconeilo emarginata (Con) Hall 


10 P. ~*~ constricta (Con.) Hall 
11 Nucula bellistriata (Con.) Hall 
12 N. - varicosa Hall 


“13 Nuculites triqueter Con. 
14 Paracyclas lirata (Con.) Hall ere 
15 Orthonota (?) parvula Hall | Le A ae 
16 Modiella pygmea (Con.) Hall. : Ue ag 
“17 Sphenotus truncatus (Con.) Hall : ee 
18 Nuculites oblongatus Con. ; Tee Pee — 
19 Solen (Palacosolen) siliquoidea Hall (?) tag & | 
20 Prothyris lanceolata Hall 25 ee ae 
21 Grammysia constricta Hall AO a | 
22 Schizodus appressus (Con.) Hall oe 
23 Mierodon (Cypricardelia) tenuistriatus Hall 8 
24 Liopteria dekayt Hall — : is se 
25 Orthoceras subulatum Hall (ON ae a : a 


27 Pleurotomaria sulcomarginata Se (?) 
(28 Bellerophon sp. 


Fragments. 
29 Dignomia alveata Hall (?) : 
30 Lingula sp. (Broken) oe ds ae 
31 Crinoid stem (Large) : 


thickness, which splits in irregular layers. ‘The upper part 
this sandstone contains an abundance of the species usually oe 
found in the coarser Hamilton deposits as for example: 

1 Spirifer granulosus (Con.) H. & C. : 

Zi. mucronatus (Con.) Bill. : 

3 8. audaculus (Con.) Whitt. : 

4 Tropidoleptus carinatus (Con.) Hall 


Plate 19 
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yo 


5 Chonetes coronata (Con. Hall 
6 Strophoedonta perplana Con. (?) 
Grammysia bisulcata (Con.) Hall 

8 Spirophyton sp. ete. 

The dip above the falls is 104° N. 60° W. The western bank 
-of the creek above the falls is composed of alternating strata of 
shales and sandstones forming a perpendicular cliff 85 feet in 
hight. It was not possible to determine whether the Hamilton 
fauna continues to the top of the cliff or not. The fossiliferous 
nature of these rocks was noted by Prof. Davis who wrote that 
“several strata are very fossiliferous, Spirifer. mucronata and 


medialis are both of common occurrence; while Prosser has in | 


earlier papers-partially listed the fossils of this locality.® 7 
; On the hill one half a mile west of High falls and 1380 feet 
- higher than its top is the small stone quarry of Hugh Smith. 
The rock is bluish gray, rather coarse grained sandstone which 
has bands of color, some of it with a slightly reddish tint in the 
bright sunshine. The sandstone is capped by a mass of green, 
argillaceous shales with some layers of bluish color. No fossils 
were found and it is this part of these rocks which I have re- 
ferred to the Sherburne formation. The soil in this vicinity is 
reddish from the leaching of the higher red shales. The first 
. reds seen in place however are at the three corners, three fourths 
of a mile farther northwest on the ridge east of the Kaaterskill. 
This locality is just south of the Greene and Ulster county line 
about one and one half miles east of Palenville. Some of the 
red shales are very arenaceous and it is quite probable that the 
base of them is somewhat farther east, but covered by drift and 
soil along the highway. Red shales show at various places along 
this ridge and the highway to the south of Saxton in Saugerties 
township, Ulster co. 

On the geological map accompanying this report the lines 
separating the Hamilton and Sherburne formations and the Sher- 
burne and Oneonta are indicated as nearly as we could follow 


a Bull. Mus. comp. zoology, v. 7, Geol. ser. 1883, 1: 312. 
5 American geologist, 1891, 7:365; Bulletin Unite ‘gs geol, survey, no. 120, 1894, p. 69. 
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them across this county. Itisa difficult region to map and in 


places the indicated lines are probably only an approximation. 


In the above account the localities at which the outcrops near 
the dividing lines occur have been described so fully that it is 2 
not deemed necessary to define the course of these lines and all : 
interested in their position may follow them readily on the geo- — 


logical map. 
Greene county Catskills 


The western and central portions of Greene county are in the aor 
Catskill mountain region, the rocks of the greater part belonging ae 


in the Catskill formation for which it is the typical region of the — 


“ Catskill division ” as they were called by Mather. His detailed 


section “from the top of the South mountain near the Mountain 


house on the Catskills, down to the Helderberg division at the — 


Kaaterskill creek,”* gave the rocks of the Catskill and Erie divis- 


ions? and extended from the eastern part of Hunter northeasterly 
across the southern part of Catskill township to the Kaaterskill 


creek. 

In 1874 Mr Andrew Sherwood measured very accurately a sec- 
tien of these rocks beginning in the Kaaterskill creek at Palen- 
ville, following the famous Kaaterskill clove and continuing to 
the top of Round Top mountain to the south of the clove®. 


Sherwood’s total thickness for the rocks from the upper part - 
of Palenville to the top of Round Top is 3482 feet, while Prof.. 


_ Hall estimated the thickness of all the rocks from the top of the 


Hamilton formation to the summit of Round Top as 5800 feet. 


Sherwood gave accurately the lithologic characters and thickness. 
of the various strata so that there is no need for another de- 
tailed account of this typical Catskill section. Sherwood cor- 
related the red and green shales (no. 94 of his section) in the 


a Geology of New York. 1848. P.1, p. 302-5. 

b “The Erie division in the first geological district consists of the following groups: 
.1 Ithaca and Chemung group 
2 Hamilton group 
3 Marcellus shales.” Ibid., p. 317. 

c Proc. Amer. philosophical society, 1878, 17:346-47. This section was also republished by Ashburner 
in the Second geological survey of Pennsylvania, F. 1878, p. 218-19, while Prof. James Hall has given 
an account of it in the 28th Report N. Y. state museum of natural history, 1879, p. 14-15. 

d Proc, Am. ass’n adv. science. 24:82, 83. 
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Kaaterskill creek above the bridge opposite the hotel in the 


upper end of the village, with the red shaly rock (no. 12) at the 


top of the Manorkill cataracts near Strykersville. The author 
did not see any evidence to support this exact correlation of these- 
two sections, nor did Sherwood give any reason for his correla- 


tion. But few fossils have been found in the rocks, the animal 
remains in which are bones and plates of fish that were first dis- 
covered by Sherwood, and on account of their presence in con- 
siderable abundance in three layers (nos. 105, 107 and 111) in the 
lower part of the clove he termed them “ fish-bone beds.” The 
lower bed is in a greenish, shaly rock which is quite hard, and 
there are numerous fragments of fish bones and plates most of 
which are badly broken. The setond bed is in a mottled red and 


“green argillaceous and rather soft shale. The bed of no. Lil is. 
“near the bottom of a mass of red shale, 103 feet in thickness ac- 


cording to Sherwood, where fragments of fish scales were seen, 
but they are not nearly so abundant as in the two lower beds. 
These specimens were not identified, so far as known to the 


writer, except that Prof. Hall referred to these beds, stating that — 


they were “charged with the remains of Holoptychius.”% <Ad- 
ditional specimens were collected by the writer which have been 
studied by C. R. Eastman, who identified Dinichthys sp. and 


Sauripteris Taylori Hall. (See Dr Eastman’s description of these — 


specimens at the close of this report.) 

In addition to’ the fish remains the author found numerous 
specimens of Psilophyton princeps Dn. in a bluish gray arenaceous 
layer at the foot of the Cascades below Haines’s falls, about 400 
feet below the base of the heavy conglomerate which is well 
exposed in Twilight park on the southern side of the cleve.® 

The massive conglomerate ledge in Twilight park occurs at an 
elevation of about 2000 feet A. T. About 15 feet containing 


large white and pinkish quartz pebbles are shown on the drive- | 


way. Several conglomerates are mentioned near this part of 
Sherwood’s section and I am uncertain which one the Twilight 


a@ 28th Report N. Y. state museum natural history, p. 14. - 
b Amer. geol. 1391. 7:365, and Bulletin United States geol. survey, no, 120, p. 67. 
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park conglomerate represents. Above the conglomerate along 


the path up High peak for the first 800 feet the rocks are mostly — = 


covered, but then ledges of coarse, greenish gray sandstone with 
some red sandstone occur occasionally. There are in places in- 


dications of red shales, but the softer rocks are pretty well con- . 
cealed. Toward the summit of the mountain, which is 3660 feet 
A. T., the sandstone is coarser, not so firmly compacted and 


weathers to a light gray color. Pebbles are not infrequent 
though not sufficiently abundant to make a conglomerate. This 


Csi] 


—— 
tis, a 


- 


is supposed to represent the “ coarse gray sandstone” of Sher- z 
wood’s section, which he gave as 440 feet in thickness forming 


the top of Round Top and which Ashburner referred = the 
Pocono formation.% 
The Kaaterskill creek, which has cut ihe deep chasm known _ 


as the Kaaterskill clove, receives from the north Lake brook, the 


outlet of North and South lake, two small lakes west of the crest 


of the mountains, one north and the other west of the Catskill 


Mountain house. On this brook near the head of the gorge a 


little below the Laurel house are the Kaaterskill falls which were; 


the subject of Bryant’s beautiful poem. The accompanying 
plate gives a fair idea of these falls which taken together are 
said to be 260 feet high. On the main creek at the head of the 
clove is another high cascade known as Haines’s falls, the geolog- 


ical structure of which was described by the writer several years 


ago,” a winter view of which was given. About three fourths of 


a mile west of Haines’s falls is the divide between one branch of © 


the Kaaterskill creek and one of the head branches of the ~ 


Schoharie river. 
Hunter, a very mountainous township, crossed diagonally from 
the southeast toward the northwest by the head waters of the 


Schoharie river, is the great Catskill resort for summer tourists. 


The rocks are all of the Catskill formation unless the tops of the | 


mountain peaks are composed of the Pocono formation of the 


Lower Carboniferous as is claimed by some geologists. They — 


a Second geol. survey Penn. F. p. 218-19. 
b Bull, United States geol. survey, no. 120, p. 66-67. 
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contain no fossils, so far as known, except a few plant remains 


and an occasional plate or bone of a fish, while lithologically they 


consist of beds of gray sandstone, green shales and some con- 


_glomerates alternating very persistently with red shales and. - 


sandstones. As details would be monotonously similar it is not 
considered advisable to go into any description of the very large 
number of sections that might easily be constructed in this 
region. | 

In the Catskill mountain region there are a number of deep. 
and narrow passes between the mountains, one of the most 


' famous being the Stony clove in the western part of Hunter town- 


ship between Hunter and Plateau mountains. For some dis- 
tance the bottom of the clove is very narrow with only room 
enough for the highway and the track of the Stony clove and 
Catskill mountain railway. The slope of Mt Hunter on the west 


‘is very steep, its peak the highest of the Greene co. Catskills, | 


4025 feet A. T., being only about one and a half miles to the 
northwest. Both slopes are. densely wooded so that the clove. 
for the greater part of the day is in the shade, while a breeze 
continually passes through it, making a delightful resort on a 
hot summer day. The view shows the northern end of the clove 
with Mt Hunter on the right and Plateau mountain -on the left. 
To the south of Hunter village and the Schoharie river is a prom- | 
inent mountain known as the Colonel’s Chair, the highest part of 
which is 3165 feet A. T. There are steep sandstone ledges at the 
northern end of the mountain facing eastward, the top of which 
are grayish, coarse grained sandstones that are not very hard, 
giving the upper part of the mountain something the shape of a 
chair. These nearly perpendicular ledges on one side of the 
mountain peak are quite well shown in the accompanying picture. 
In the Catskill mountain region of the western part of Greene 
co. the principal study was given to that portion which is 
colored on the Geologic map of New York as in the Chemung forma- 
tion. In the Schoharie river valley the Chemung is represented 
as beginning at the upper end of Lexington village and continu- | 
ing for about two miles down the valley. On the south bank of 
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the Schoharie just above Lexington is a cliff of shaly red sand- - 


stone 20 feet high. Below the village on the northern bank are 
coarse greenish gray sandstones which contain some pebbles. 


The dip at this locality is S, 70°W. On the northern side of the 
road some distance below Lexington are massive ledges of sand- 


stone. At the base it is gray and shaly but becomes thick bedded 
above, forming a very prominent ledge of bluish to greenish 
gray, coarse grained sandstone. Between the two massive strata 
of greenish gray sandstone are red shales and reddish sandstone. 
No fossils were found at these exposures or any characters to 


-distinguish them from the Catskill rocks farther up the river. 
Again ‘by the side of the road and the Westkill to the southwest 
of Lexington near the upper part of the area mapped as Che- 


mung, are ledges of coarse grained, heavy bedded, greenish gray 
sandstone. No fossils were found. Farther south in the west- 


ern part of the township is a deep clove through the Westkill 
range, at the divide between a branch of the Westkill on the 
“north and another of the Esopus creek on the south, known as 


Deep hollow at the head of the Bushnellville clove. In the 


hollow the dip of the heavy gray sandstone is about 4°W. The 
view of this clove is from the low hill not far north of Westkill 
~village. | | 


LXIB. This is a section through the so-called Chemung of the 


Jewett range on the southern side of the Bataviakill beginning 
at the creek level about two miles above Ashland and fol- 
lowing the line of the highway to the top of the hill north 


-of Jewett hights. On the accompanying plate the lithological 


characters of the rocks are given so fully that it is hardly neces- 
sary to describe them at any length in this part of the report. 
In the lower part of B* is a small quarry in bluish gray to. 
greenish gray, rather coarse grained sandstone with greenish and 
bluish argillaceous shales. Some of the shaly layers contain 
fragments of plants and in the upper part of the quarry the layers 
have very irregular bedding. The dip is 1° to 1°+S, 80° W. This 
gray sandstone is apparently at the base of the rocks colored as 


of Chemung age on the Geologic map of New York. Succeeding 
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65 to 70 feet of these grayish sandstones there is a stratum of 
reddish sandstone which is followed by from 80 to 85 feet of 
mostly greenish gray, coarse grained sandstone (B*) the layers 
of which are rather more massive than those of B%. Interstra- 
tified with these greenish sandstones are layers of reddish sand- 
stone and shale a few feet in thickness. Near the top of B* is 
a sn ul flagging stone quarry, the flags of which are from one to 
two .nches thick, coarse grained and decidedly greenish gray in 
color. In places the layers are very much crossbedded. The dip 
noted is from 4° to 4°+ S, 30° W and 2° N,60° W. At B® are 
heavy ledges of coarse, greenish gray sandstone, very coarse 
grained near the middle of the ledge, with large quartz pebbles 
and at the top is red sandstone. On the old road near Jewett 
hights, which are 1810 feet A. T., are glacial striae running 
north and south. On the hill to the northeast of Jewett hights the 
rocks are mainly red sandstones and shales, and this region was 
represented on the Geologic map of New York as near the base of 
the Catskill formation as well as Jewett hights and the hill to 
the northwest. 


LXIC. Another section about four miles east of LXIB was 
examined across the belt of country mapped as Chemung from 
Hensonville to Windham in the upper part of the Bataviakill 
valley. This section is here reproduced and as will be readily 
seen the rocks are not nearly as well shown as on the section 
south of Ashland. The lower part of the section is on the lower 
part of the hill to the south of Windham and the Bataviakill 
which is represented on the Geologic map of New York as in the 
lower part of the Chemung. It will be noticed that the rocks 
consist of bluish gray and greenish gray, coarse grained sand- 
stones alternating with red sandstones and shales. The base 
of these rocks is somewhat above the highway and they have a 
thickness of 125 feet. Then for 95 feet the rocks are covered, 
succeeding which for 70 feet the slope is partly covered but has 
frequent outcrops of red shales and thin sandstones. No fossils 
were found on this hillside. On top of the hill southwest of 
Hensonville is a small flagstone quarry in coarse grained, green- 
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ish gray sandstone. This is a typical Catskill sandstone nae 
is in the area represented as near the base of that formation on s 
the Geologic map of New York. There is a-slight syncline in the ane 
quarry for at the northeast end the dip is 1° S, 40° W, while at _ 
the other end it is about 1° in the opposite direction. Ledges __ 
farther up the highway show a dip of 1° N, 30° E.. a - se 
After an examination of the area mapped as Chemung on the be py : 

Geologic map of New York to the west of Durham, near Windham, — 73 
south of Ashland, near Lexington, south of the Manorkill and in- ee | 
Roxbury it does not appear to the writer that, with the exception 
of the reported discovery of Spirifer disjunctus Sow. west of Dur- 
ham, there is any proof of its Chemung age. The lithologic char- © : 
acter of the rocks isnot different from that of the Oneonta form- 
ation below or the Catskill above, and with the absence of fossils 
it appears very difficult if not impossible to correlate this zone . 
with the Chemung. It is true that a part of the Catskill forma- — 
tion of eastern New York is synchronous with the Chemung of 
southern and western New York; but with merely the alternation yen t 
of reds and grays in eastern New York it does not seem possible - 
to the writer to divide the mass of rocks into distinct formations 
which can be traced and mapped for any distance. It seems bet- 
ter to leave it as one formation under the name Catskill, not. 
failing to recognize that in time it is nearly equivalent to the 
rocks called Portage and Chemung in western New'York. The 
exceptions are at the base of the Catskill, or Oneonta formation 
as we have still called the lower part of this mass of rocks in 
Greene co., which probably does not reach as low as the base 
of the Portage in western New York, and at its top which is prob- 
ably of later age than any of the Chemung in southwestern New 

York or northwestern Pennsylvania. . 


ULSTER COUNTY 


This county which lies directly south of Greene co. extends 
from the 'Hudson river on the east to Delaware and Sullivan 
counties on the west. The northwestern part of the county is 
very mountainous, in which region the Catskills reach their cul- 
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‘mination in Slide mountain, 4205 feet A. T. The two principal 


streams are Esopus creek which flows southeasterly across the 
northern: part of the county till near Kingston when it turns 
northerly for ‘several miles, finally breaking through the lime- 
stone ridge near Saugerties where it enters the Hudson. The 
second stream, Rondout creek, flows northeasterly across the 
southeastern part of the county and enters the Hudson river 
at Rondout. Farther east is the Walkill, a southern tributary 


of the Rondout, and between these two valleys is the precipitous 


Shawangunk mountain, which extends southwesterly, from the 
vicinity of Rosendale across this and Orange co., whence it 
may be traced across northwestern New Jersey into Pennsylvania, 
where it is known as Kittatinny mountain. The structure of the 
Ulster co. part of this mountain has been well described by 
Mr N. H. Darton. 


Distribution of the middle and upper Devonian 


The strike of the Silurian and Devonian formations across 
Greene co. and the northern part of Ulster to Kingston is 
SSW; where the direction changes to sw across the remaining 
parts of Ulster, Sullivan and Orange counties into New Jersey 
and Pennsylvania. The Hamilton, Sherburne and base of the 
Oneonta formations, or Catskill as it is generally called in this 
part of the state, cross in Ulster co. the townships of Saugerties, 
Kingston, Woodstock, Hurley, Olive, Marbletown, Rochester and 
Wawarsing from the north to the southwest. 

On the Geologic map of New York the Oneonta formation is not 
represented any farther south than the Palenville region along 
the Greene and Ulster county line, the lower portion of the alter- 
nating red and gray rocks to the southwest of this region being 


- included in the Catskill formation. Mr Darton has said “I have 


not traced the formations [Oneonta and Chemung?] farther 
southward than Palenville along the eastern front of the Cats- 
kills but there can be no doubt as to their extension across the 


a National geographic magazine, 1894, p 6:23; and the 13th an. rep’t N. Y. state geologist p. 346. 
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Delaware and far into Pennsylvania.”* There is no question but 
that the lower reds and grays of Ulster co. and farther south- 
west are synchronous with the rocks of Greene and Albany coun- — 


ties which are called Oneonta, but as there is no line of separa-— : 


tion which can be traced between the lower and middle rocks of 
this mass it seems as well to the author to class them together 
as one formation, to which would be applied the name Catskill 
in the sense in which it was used by Mather for this region. In — 


fact I am inclined to think that the above arrangement would be ~ : 
a better classification for this mass of rocks in Greene, Albany 


and southeastern Schoharie county than the plan of representa- — 
tion followed on the Geologic map of New York. The above usage 
apparently agrees with that suggested by Prof. H. S. Williams 
for the term Catskill in eastern New York for he said, “It is an _ 
appropriate local formation name for deposits succeeding Hamil- | 
ton or Chemung formations in eastern New York and farther 
southwest... The Catskill is a distinct and well defined geologi- 
cal formation, but it is nota period or an epoch, nor does it repre- . 
sent any particular period of geological time.’ - 
Under the eastern townships of Greene co. the upper Ham- 
ilton, Sherburne, and lower reds were traced from Catskill town- — 
ship across the county line into Saugerties township, consequent- 
ly at this locality we will begin the consideration of the limits 


of these formations toward the southwest. The banded sand- — 


stone found in the small quarry to the west of High falls on the 
Kaaterskill may be followed along the highway to the ssw to 
the three corners one half mile northwest of Quarryville. There 
is a quarry to the west of the turn and another to the east, both 
of which contain the banded hard sandstones. In the western 
one there are coarse, greenish shales below the sandstones, while 
some of the sandstones in the more eastern quarry have a slightly 
reddish tint. No fossils were found and the rocks are apparently 


_ in the Sherburne formation. The large quarries in Quarryville 


contain coarse, thick bedded, bluish gray sandstones with shale 


a Amer. jour. science, 3d ser. 1893, 45: 207. 
b Jour. geology, 1894, 2: 153-54. 
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partings. No fossils, except fragments of plants, were found 
and the rocks seem to be in the lower part of the Sherburne. 
_ The dip is between 6° and 7? NW. A picture of the principal 
flagstone ledge in Quarryville appears on plate: 23 of the 13th 
annual report of the New York state geologist. By the side of the 
highway in the eastern part of the village at the beginning of the 
descent are Hamilton shales with their typical fossils. The ridge 
to the north of Quarryville is very rough and rocky and the rocks 
along the quarry road leading to its summit one and one half 
miles north of the village are greenish and bluish argillaceous 
shales interstratified with the coarse banded sandstone, all ap- 
parently in the Sherburne formation. Red shales occur along the 
highway about one and one fourth miles northwest of Quarryville 
toward Saxton. To the west of south in the Plaaterskill valley 
the base of the red rocks soon crosses to the western side of the - 
ereek and from Fawns south to the first road for Woodstock, 
near where the creek turns to the southeast, there are frequent 
outcrops of red shales on the western side of the creek while none 
_ were seen on the eastern side. 

About two miles west of Fawns at West Saugerties is the foot 
of the Plaaterskill clove, a deep gorge cut by the Plaaterskill 
- through the eastern escarpment of the Catskills. This gorge is 
four miles south of the Kaaterskill clove with which it is parallel 
and its greater part is in the southeastern corner of Hunter town-. 
ship, Greene co. These two cloves are the only deep gorges 
which have been cut in the eastern face of the Greene co. 
Catskills. By the side of the clove road about 400 feet below the 
head of the clove is a stone quarry of bluish to greenish coarse 
grained sandstone. The dip at this locality is between 6° and 7° 
N, 40° W. The rocks along the upper part of the clove road are 
coarse, greenish gray sandstones alternating with reddish sand- 
stones and shales and bluish argillaceous shales, all of which are 
typical Catskill rocks. Near the head of the clove is a flagstone 
quarry in greenish gray, coarse grained sandstone, while some 
of the layers contain large quartz and other pebbles. 
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On the ridge east of Fawns and the Plaaterskill are fairly 8 


coarse grained, bluish gray sandstones probably in the Sherburne — 
formation. Farther southeast the country is very wild and rough — 
having been cleared and now covered by the second growth of 


trees, with here and there a stone quarry but no farming land. — : 
In fact for many miles along this ridge from the northern cee : 


of Ulster co. to the southwest the country is nearly a wilder- oe 


7 a 


5 agi’ 


ness. In this region at the four corners on the road from Fawns 


to Saugerties are a number of stone quarries. Just west of the s a 


corners iS an extensive quarry in bluish, massive, somewhat 
banded sandstone with a thickness of six and one half feet- = : 
Above are eight feet of bluish shales and then five feet of shat- < 


tered sandstone. Dip is 24° S, 30° W, and there is also a heavy _ 
dip to the west. No fossils were found in the sandstone or shale — 


Bo 


_and this quarry is considered as at about the base of the Sher- — : 


burne formation. On the road just east of the corners are bluish | 
black, arenaceous shales, layers of which contain Spirifer granu- 


‘ 
mt 


losus (Con.) H. & C. and other fossils, so that these rocks are — = 
clearly in the Hamilton formation. The line of separation be- eer 
tween the Sherburne and Hamilton formations at this locality . - | 
is about on the line of the north and south highway. It is only = 
about one mile farther east to the eastern face of the line of hills “ | : 
which form the western boundary of the Hudson valley. The ¢ 


range is broken by streams. and at places rises into points like 


Mt Airy and Mt Marion from 500 to 700 feet A. T. To the east 


in the valley is the Onondaga limestone, in the lower part of the ~~ 


steep ridge are fine, black Marcellus shales, while the upper part, 
and for some distance westward, belongs in the Hamilton forma- 
tion. In general in all this region there is a heavy westerly dip . 
witha lighter one to the south. The rocks consist of alternating 
masses of massive sandstone and argillaceous or arenaceous 
shales. The sandstones form steep cliffs which are numerous 


and very conspicuous in passing from the east toward the west. — 


On account of the heavy westerly dip all sandstone slopes rapidly 
toward the west. For some distance along the highway or in the 
fields the top of it frequently shows, with a small stream or 


~ 
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marsh at its western edge beyond which rises another sharp 
ridge. 4 

Near the church in Unionville or Centreville, about one mile 
southwest of the four corners on the road from Fawns to Sauger- | 
ties, are coarse, bluish rather arenaceous shales containing large 
Hamilton lamellibranchs. The fossils occur in layers and are 
not abundant as will be seen from the following list: 


1 Modiomorpha mytiloides Con. (r) 
2 M. macilenta (?) Hall ; ee), 
3 Mytilarca oviformis (Con.) Hall = (£) 
4 Camarotoechia sp. (rr) 
5 Sphenotus subtortuosus (?) Hall, (rr) 


Along the highway to the east are sandstones and shales in 
which fossils are very rare. The quarries at this place are 
located both below and above the zone in which the fossils were 
found. The sandstones in these quarries do not have the marked . 
banded appearance of those in the Sherburne formation and this 
fact together with the occurrence of Hamilton fossils seems to 
show that they are in that formation. The line of division be- 
tween the Hamilton and Sherburne is given on the map as not far 
west of Unionville, while the Plaaterskill valley to the west is 
in the Sherburne formation. At the corners west of the Plaaters- 
kill on the road from Unionville to Daisy is a small church and 
along the road from the church-south to the east and west road 
from High woods to Daisy are frequent outcrops of red and green 
shales and gray sandstones. The base of the reds is apparently 
to the east of this road. 

In the quarry at Highwoods is a bluish, somewhat banded 
sandstone which is separated by some bluish though mainly 
greenish layers of argillaceous shales. There is a stratum of 
breccia and some of the sandstone has quite a reddish tint in the 
bright sunshine. No fossils were found. The rock is referred to 
the Sherburne formation. In this region there are excellent ex- 
amples of glacial planed and striated surfaces, east of the High- 
woods store for example on blue sandstone by the side of the 
_ road are conspicuous striae which run N 15° E. In old quarries 
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of bluish banded sandstone east of Highwoods four corners are i 
bluish banded sandstones and green shales. The sandstone is 
heavy bedded and does not split readily into thin flags. oe 


fossils except plant stems were seen and the rocks are in the | 


Sherburne. Glacial striae occur running S, 10° W, and N, 10° E. a 


The dip varies from about 5° 8, 50° W, to 4° N, 40° W. The — 


westerly dip is apparently more irregular than the southerly, oe ae 


partly to the irregular nature of the strata. 


On the highway not far west of the Plaaterskill and just below | - 


the house of Mr ©. Plass are bluish, rather arenaceous shales — 


which contain some fossils as Paracyclas lirata (Con.) Hall, Spiri- — oe 
fer and a few other species. This locality is surely in the Ham-- x = 


ete 


AS 


ilton and probably the top of the formation is farther west, since — : : 


coarse, bluish arenaceous shales, with a slightly concretionary 


structure, containing fragments of fossils were noticed along the 


highway to the west of this house. About one fourth mile south- 
east of the Plass house the highway crosses the Plaaterskill to ‘ : 
the west of the Mt Marion station. At this locality on the west- . 
ern bank of the creek is a cliff about 100 feet high composed of 


the fine, somewhat arenaceous, Hamilton, blue shales. There ~ 


are occasional layers of somewhat coarser structure which fre- 


quently contain numerous specimens of Spirifers. The blue 


shales do not contain fossils abundantly though they are fairly z ce 
common. The species are typical Hamilton ones and this isan __ 


excellent locality for studying the Lower Hamilton of this region. 
The following species were found in these shales as the result of 
one hour’s search: ; 


1 Bellerophon sp. | (rrp = 


2 Nyassa arguia Hall . \ (rr) 
3.N. recta Halil . (rr) 
4 Orthonota parvula Hall (1) 
5 Paracyclas rata (Con.) Hall : . (r) 
6 Spirifer granulosus Hall 


COmre mucronatus (Con.) Bill. 
8 Orthis impressa Hall 
9 Chonetes scitula Hall 
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nA Oe setigera Hall ; | | (r) 
LAC -coronata (Con.), Hall , (rr) 
12 Pleurotomaria rotalia Hall (?) (rr) 
13 Orthoceras sp. ati (rr 
14 Palaeoneilo plana Hall (rr). 
15 Nuculites oblongatus (Con.) Hall (rr) 
16 N. triqueter Con. ue (rr) 
17 Nucula corbuliformis Hall (r) 
LST. bellistriatus (Con.) Hall | (r) 
19 Plant stems (rr) 
20 Modiomorpha concentrica (Con.) Hall (r) 
21 Grammysia sp. | | (rr) 
22 Dignomia alveolata (Hall) H. &C. (rr) 
23 Lingula densa Hall | | (r) 


To the southwest of Dutch Settlement (Ruby p..o.) in the 
northern part of Kingston township is a large quarry of flagging 
stone. The color is bluish to bluish gray, some of which is ~ 
faintly banded, forming a ledge five feet thick that is worked. 
Part of the ledge splits into thin even layers from two to three 
inches thick which make excellent flagstone, while the thicker 
layers make building stone. The same layers do not split as 
readily when followed from the flagstone part of the quarry. 
The dip is between 4° and 5° S, 60° W. Above the sandstone are 
argillaceous shales of decidedly greenish color. The sandstone is 
similar to the so-called Hamilton blue flagstone, but it is probably 
in the Sherburne formation. 

Farther south in a wild and rugged region is the Sawkill val- 
ley along which are numerous flagstone quarries, specially in the 
vicinity of Jockey hill, in the Hamilton formation, and its top 
crosses the valley about two and one half miles above the vil- 
lage, while the base of the reds is found not far above the Saw- 
kill reservoir more than three miles east of north of West Hurley. 
Kingston, Hurley and Olive townships are crossed by the Ulster 
and Delaware railroad and the section along this railroad was 
described by the writer several years ago,” before the Sherburne 


a Bull. United States geol. survey, no. 120, p. 51-65. 


bedded sandstones ace ae with bluish, fine argillaceous and =, 
greenish blocky shales. In places the cut is from 25 to 30 feet i in 
depth and the rocks are shown on the highway below the rail- 
road. The dip in places varies from 24° to 34° S, 45° W. Frag- 
ments of plants were the only fossils found and the cut seems to 
be in the Sherburne formation. On the highway just below the | 
Bristol hill church and only a short distance west of Stony Hol- 
low are blue, arenaceous, blocky shales which contain a few ei 
Hamilton fossils. At the eastern end of the first railroad cut 
west of Bristol church, are fine blue shales, in which Hamilton - 
fossils are abundant. The rocks at Bristol church are clearly in 
the Hamilton formation and the following fauna was obtained 
from the railroad cut: oe. 
1 Chonetes coronata (Con.) Hall ; 7 (aa) 

85 specimens. fe 


‘ 


2 Nyassa arguta Hall eae : | (Gay ae 
40 specimens. . | : as 

3 Nuculites oblongatus Con. ~ (rr) ate 

4 Prothyris lanceolata Hall a 3 

5 P. planulata Hall | Endy z 

6 Paracyctas lirata (Con.) Hall — | : Bee (8 in ae : 

7 Orthonota (2) parvula Hall oe , (rr) : Th ) 

8 Microdon (Cypricardella) complanatus Hall hss 

9 Tropidoleptus carinatus (Con.) Hall : (rs : 


10 Cyrtina hamiltonensis Hall (thckes 
11 Spirifer mucronatus (Con.) Bill. A ian ae 
12 VN. eiceac Hall AC) SEB 
13 Streptorhynchus chemungensis (Con.) Hall (aa) | ee e 

43 specimens. 


a Bull. United States geol. survey, no. 120, p . 55. 
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414 Orthis (a) 
Some of the specimens resemble O. vanuxemi Hall but | 
others are nearer O. penelope Hall. 


15 Palaeoneilo constricta (Con.) Hall = (cE) 

ih. P. maxima (Con.) Hall (rr) 

17 Sphenotus truncatus (Con.) Hall (c) 

18 Dalmanites boothi (Green) Hall | (r) 

19 Schizodus appressus (Con.) Hall (?) (rr) 

20 Actinopteria boydi (Con.) Hall | (a) 

25 specimens. 

- 21 Glyptodesma erectum (Con.) Hall (rr) 
22 Discina sp. (rr) 


— On the hill to the northeast of Bristol church the rocks are all 
coarse sandstones alternating with shales, and belong apparently 
in the Sherburne formation. It seems that the quarries in the — 
immediate vicinity of West Hurley are in the Sherburne forma- 
tien, while the older ones near Bristol church and toward Stony 
Hollow are in the Hamilton. Mr Darton called these sandstones 
the “ Lower fiag series” in his Preliminary report on the geology 
of. Ulster county, and stated that ‘the age of the series is not 
definitely known, but it is in the main of the upper Hamilton 
group; the shales and some of the sandstone beds contain fossils, 
but these have not yet been studied.” 4 | 

On the Geologic map of New York the base of the Catskill is 
represented as north of the railroad and Olive branch to the west 
of West Hurley. Red shales and sandstone however occur on the 
highway south of the railroad not far west of West Hurley and 
there are a number of excellent exposures of the red rocks on 
the highway between this point and the stone church about four 

_and one half miles west of West Hurley. On the north side of 
the highway about two and one half miles from West Hurley is 
a prominent ledge of crossbedded, gray sandstone which rests 
on red shale. There is also a ledge of red shale on the first north 

and south cross road to the west of West Hurley. The red shale - 
at the base of the Catskill formation evidently crosses the rail- 


. @ 18thannual report N. Y. state geologist, p. 300. 
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road and swamp not far west of West Hurley and forms the ridge | 
on the southern side of Olive branch. The base of the formation a 
crosses Esopus creek at Olive city where there -are thick layers 3 
of red and green shales along the creek bank just above the ox 


phe eee 


bridge, and red shale on the road in the village. It then runs to 
the southeast and south on the hills to the south of the creek 
til! on the hill east of Krumville church it turns westerly toward © 


seta, 


Samsonvilie. North of the stone church four and one half cess : 
west of West Hurley are coarse, greenish gray sandstones on : 
which are plain glacial striae running N 37° E. The dip of these . 
sandstones is very great, being from 20° to 25° N, Oo War the 
southeast of the stone church near the township line between ~ oe 
Hurley and Marbletown are extensive flagstone quarries in nee 
Sherburne formation. Farther to the southeast near the head 
of the creek at the “Lapla nigger settlement” are bluish arena-— a 
ceous shales and concretionary sandstones. By the highway ~ i = 
down the creek are coarse, bluish arenaceous shales which — ue 

contain Hamilton fossils. Paracyclas lirata (Con.) Hall is the ae 


most common and the other species are: iba ee 2 
1 Ltorhynchus multicosta Hall (e} a 3s 
2 Chonetes coronata (Con.) Hall | (rr) - aes 
3 Nucula corbuliformis Hall | (rr) ate 
4 Camarotoechia congregata (Con.) H. & ©. | (rr) oa > 
5 Pleurotomaria sp. (in ee 
These rocks along the creek into the valley of Esopus creek 


are in the Hamilton formation. On the south bank ofthe Esopus 
creek at the Hudson river pulp mili two and one half miles below ~ 
Olive city are massive, greenish sandstones which form a rocky — : a 
gorge and are apparently in the Sherburne formation. Loose in “a 


some bluish argillaceous shales are specimens of Hstheria sp. 
apparently identical with those found near Oakhill. ‘To the 
northwest of this hill no reds were seen on the road from Esopus 
creek to Olive branch. ; , 

The upper line of the Hamilton formation crosses the Ulster — 
and Delaware railroad a short distance west of Bristol chureh, Re sites 
then is followed with difficulty across the rugged central part of :: a 
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Hurley township, crossing Esopus creek below the Hudson river 
pulp mill, and then runs across the western part of Marbletown 
into Rochester. On the hill south of the Esopus creek about two 
and one half miles west of Marbletown are bluish, concretionary 
sandstones which are not far below the blue sandstone quarries 


at the three corners where one road turns to the south. The 


upper part of the sandstone ledge is heavy and crossbedded, 


below which are guite extensive flagstone quarries in bluish gray. 


sandstone which alternates with bluish and greenish argiilaceous 
Shales. The dip is from 34° to 4°N, 50°E and the quarries are 


in the Sherburne formation. Not far below the quarries are 


7 


coarse, arenaceous, blue Hamilton shales in which are some fos- 


nie _ Sils, as Chonetes coronaia (Con.) Hall and fragments of a few other 


species. These shales are near the top of the Hamilton and some 


295 feet below the base of the lowest reds on the hill above. This 


section gives the approximate thickness of the Sherburne forma- 
tion at this locality. 
At the northern end of the Lynesville pond about one and a 


half miles nw of Kripplebush is a small quarry in bluish Hamil- 
ton sandstone alternating with bluish shale, in which are Ham- | 


ilton fossils, Camarotoechia congregata (Con.) H. & C. and Ten- 
taculites spiculus Hall. Some of the rock contains quartz peb- 
bles. To the west of Lynesville is the steep Mackey hill which 
is some two miles northwest of Kripplebush. On top of the hill 
are thé Mackey flagging stone quarries, some of the stone being 
bluish gray in color and some banded grayish. The sandstone 
is in rather coarse layers and does not split into thin flags. It 
is capped by a considerable thickness of bluish argillaceous shale 
in which no fossils were found. There is a stratum of conglom- 


erate six inches thick in which are red, black and various colored 


pebbles. The dip is between 4° and 5° N, 30° E. In the some- 
what shaly partings are fossils, as Spirifer mucronatus (Con.) 
Bill., Chonetes coronata (Con.) Hall; Camarotoechia congregata 


_ (Con.) H. & C.; Tropidoleptus carinatus Hall; Chonetes setigera 


Hall; Prothyris lanceolata Hall and Crinoid stem, and the rocks 
are apparently in the Hamilton formation though near its top. 
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To the south of Mackey hill along the highway near Whitfield are ; ae : 
fine blue Hamilton shales belonging in the lower part of the 


formation. A 


To the east of Tobasco and two and a half miles south of ea 
Samsonville are the Gray quarries. The dip is 54° N, 80° W. 
The rock which alternates with greenish shales is a coarse, bluish See 


gray, quite massive sandstone, which does not split into thin 


‘shales, and which shows crossbedding on the edge of the ledge. = i : 
No fossils were found and the quarries are in the Sherburne ee 


formation. 


The base of the red rocks on the hill south of Esopus creek 
runs southeasterly for several miles to the hill east of Krum ~ ex 


corners, when it turns westerly toward Samsonville. This 
carries the Catskill formation somewhat farther east than is 


indicated on the Geologic map of New York and the valley to the ~ : 


west of Krum hill is in this formation instead of a lower one, for — 
on the highway just north of Krum corners or Krumyille church - 
are red and green mottled, argillaceous shales. On the low hill 
just east of the road and 55 feet higher is a small quarry of _ ; 
_ coarse grained, bluish gray sandstone which splits into flags. 
There are partings of bluish, argillaceous shales in which are ze 
fragments of plants. The edges of the outcrop show cross- 
bedding. The dip is 6° N, 70° W, and on another face of the 

quarry 2° N, 30° E. Near the corners where the first road north 
of Krum corners turns to the east are red shales which’ are to — 
the southwest of the high hill shown as Catskill on the New York 
map. To the west of Krum corners is the Krumville postoffice 
and one quarter of a mile to the west on the bank of a brook is 
a quarry of bluish sandstone, some of the layers showing a red- 
dish tint. There are plant fragments but no other fossils were 
found. The dip is 4° N, 70° W, and the quarry is near the top 
of the Sherburne formation for red sandstone apparently in place 
occurs on the highway to the west of the brook near the line 
indicated as the base of the Catskill formation on the state map. — 
In Samsonville are conspicuous ledges of coarse grained, ereenish 


to greenish gray sandstone which have a decidedly crossbedded = 
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structure. These sandstones are specially conspicuous along the 


Rochester creek near the site of the abandoned tannery and they 
are near the base of the Catskill formation. Along the highway 
en the northern side of the creek one mile below Samsonville are 
outcrops of red and green shales, and above them is a heavy 
ledge of bluish sandstone in which a.small quarry has been 
opened. | : 

The base of the Catskill formation runs southwesterly from 
Sanmsonville, but it is difficult to follow the line closely on ac- 


eount of the heavy drift and infrequent outcrops. Along Mill: 


brook above Mombaccus the country is well covered with drift 
and beds of sand and gravel. An occasional ledge of grayish 


sandstone is shown and near the head of the stream are loose 


pieces of red shale which apparently have not been transported 


far and probably came from near the base of the reds. Below 


Mombaccus the country is also well covered with drift and soil 


so that outcrops of bed rock are infrequent. 


On the eastern side of the Vernovy creek a little north of 
Wawarsing are fine Hamilton shales containing some fossils. 
The dip is very heavy being 35° slightly west of north. The 
shales near the base of the first small hill are quite fine and 
fossils are common though not abundant. The species however 
are few, Liorhynchus and Chonetes being the most common. The 


_ list-is: 
1 Spirifer mucronatus (Con.) Bill. is (rr) 
2 Chonetes coronata (Con.) Hall (a) 
3. Liorhynchus multicosta Hall (c) 
4 Camarotoechia congregata (Con.) H. & C. (r) 
5 Palaeoneilo constricta (Con.) Hall (rr) 
6 Paracyclas lirata (Con.) Hall (rr) 
7 Nuculites triqueter Con. (rr) 
8. N. oblongatus (Con.) Hall (rr) 
9 Nucula corbuliformis Hall (Ee) 
10 Orthoceras constrictum Van. (rr) 


Near the top of this hill the rocks become coarser and irreg- 


ular; thin bedded sandstones occur showing a tendency to the 
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Hamilton deposits. The fossils are rare in these coarser layers. 


About half a mile above Wawarsing just above saw mill are © sy 


coarse sandstones exposed by the side of the highway which - 


have a dip of 38° N, 40° W. They are bluish in color and split 
into rather thin layers. A little farther up the road is a conspic- 


uous ledge of bluish sandstone which splits into flagstones and a 
quarry has recently been opened in this ledge by the side of the 


highway. Ledges of red shale and sandstone cross the highway 
opposite the house of Mr Hillsdale, two miles above Wawarsing, 


about at the locality where the base of the Catskill is repre- oa 


sented on the Geologic map of New York. Several years ago a 


well was drilled in Wawarsing to the depth of 1776 feet, the — 


lower part of which is reported to have been in limestones. 
The lower falls of Rondout creek in Napanoch are composed of 
the fine blue shales of the Hamilton formation which also appear 


along the highway toward Ellenville. These shales contain a 


some fossils though neither species nor specimens are abundant. 


On the eastern side of Rondout creek just below Honk falls, — 
which are not far above Napanoch, are blue sandstones which 


split into rather even flaggy layers. The dip is from 40° to 42° 


N, 20° W, while on the western side of the creek it is not much 


more than 30°. The cliff on the western side is perhaps 100 feet 
high, in which are some massive sandstone strata four feet or 


more in thickness, alternating with thinner layers. No fossils — 
were found at the falls though the rocks are quite blue and in 


lithologic characters closely resemble the sandstones of the 
Hamilton formation. Not more than two miles above Napanoch 
on the eastern side of the creek the dip has decreased to about 


12°. The first red shale seen in place occurs on this side of the | 


creek between the two bridges some distance above Honk falls. 
Along the valley road from Kerhonkson to Ellenville there is.a 
considerable amount of sand which also extends up the branches 
for some distance, as in the Rondout valley for two miles above 
Napanoch the roads on both sides of the creek are very sandy. 
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Red shales and sandstones outcrop conspicuously in the Beer- 
kill and on the highway a short distance above the fork of the 
creek to the northwest of Ellenville. Along the creek below 
and under the bridge over the western fork the red rocks are 
very prominent and this locality is near the line representing 
the base of the Catskill formation on the Geologic map of New . 
York. The older Devonian formations are not shown to any ex- 
tent in the vicinity of Ellenville. The dip is 20°N, 50°W. At 
various places along the highway from Ellenville to Homowack 
are exposures of Hamilton shales and sandstones, the latter oc- 
curing more frequently. Against the eastern foot of the hill 
just north of Homowack is a big sand and gravel bank below 


which is an outcrop of Hamilton shales. These shales are bluish, 


not very arenaceous and break into blocky pieces. Only a few 


fragments of fossils were found. A little farther up the highway, 


on the south side of Sandberg creek are bluish Hamilton shales 
which split into thinner layers than those first noted. The dip 
varies from 42° to 45°N, 50°W. Fossils, specially Lamelli- 
branchs are more common than in the lower shales, being abund- 
ant in some of the coarser layers. This is the best locality for 
collecting noted between Kerhonkson and Homowack, the follow- 
ing species having been obtained: 


1 Nyassa arguta Hall | (a) 
2 Palaeoneilo emarginata (Con.) Hall (c) 
tie op constricta (Con.) Hall | (r) 
4 Grammysia constricta Hall - (rr) 
he cans alweata (Con.) Hall (c) 
6 Cunitaria elongata (Con.) Hall (rr) 
7 Glyptodesma erectum (Con.) Hall eat CEE} 
8 Pierimea flabella (Con.) Hall (c) 
9 Nucula corbuliformis Hall (rr) 
10 Nuculites triqueter Con. . (c) 
11 Goniophora hamiltonensis Hall (r) 
12 Inopteria dekayt Hall (r) 
13 Camarotoechia congregata (Con.) H. & C. (c) 
14 Tentaculites beliulus Fall (rr) 
15 Bellerophon sp. ov (rr) 
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argillaceous shales and some thick bedded, rather greenish sand- — 


is succeeded to the westward by the Hamilton formation. 


16 Discina doria Hall 

1% Athyris spiriferoides (Eaton) Hall 
18 Modiomorpha subalata (Con.) Hall ) roe 
19 Pleurotomaria sp. oe ce 


Above the bridge over Sandberg creek are decidedly olive — 


tiie 
rats 
ee 


stones apparently in the Sherburne formation. An outcrop of : a 
greenish blue flagstone by the highway two miles above Homo- — a 
wack has a dip of 6° N, 70° W. , hee 


SULLIVAN AND ORANGE COUNTIES 


Sullivan co. in southern New York which forms the New oe 
York border for the greater part of the cafion of the Delaware a 
river, is covered mostly by rocks belonging in the Catskill forma- | 
tion. The central part of Mamakating township however, the 
eastern township of the county, is crossed by the formations of 
the middle Devonian. In Orange co. the same formations 


cross Deer Park, which is its most western township, and enter 


Pennsylvania at Port Jervis. The strike of these formations is — 


about parallel with the course of the Basherskill and Neversink — 


river across these two counties, and in Pennsylvania with that 
of the Delaware for about 20 miles. In general the Marcellus 
shale is covered by soil in the valley of the Neversink river, and 


- Distribution of the Middle and Upper Devonian | 

Along the valley road from Homowack through Phillipsport — 
to Summitville the rocks are mainly covered with drift. By the 
side of the road a short distance north of Summitville re 
Hamilton shales which contain a few fossils. 

Exposed not far above the Wurtsboro hotel by the side of the 
highway are coarse, massive sandstones which are either in the 
upper part of the Hamilton or near the base of the Sherburne ~ 
formation. Crossing the highway less than one mile northwest | 
of Wurtsboro are red shales and sandstones which mark the base- 
of the Catskill formation. The dip is between 14° and 15° N, 70° 
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uh W. Above the red rocks are massive greenish gray or grayish 
sandstones and green argillaceous shales. Succeeding these 
rocks .is a prominent band of red argillaceous shale containing 
some green shale with a total thickness of between 40 and 50 feet. 

On the hill one and one half miles above Wurtsboro the rocks 

- are nearly all covered by drift for some distance along the road. 

By the side of the valley road over one half a mile southwest 
of Wurtsboro are fine, blue Hamilton shales, which contain some 
fossils, though they are not abundant. Perhaps one and one half 
miles below Wurtsboro is a good outcrop of these bluish, fine 
Hamilton shales, which contain but few fossils. The dip at this 
locality is 75° N, 50° W. In general this is the case with these 
somewhat blocky shales of the lower Hamilton as exposed along 
the valley road to the west of the Basherskill. 

The rocks along the Pinekill in the southern part of Mamakat- 
ing township for at least two miles above West Brookville are 
all covered by drift. The country is rough and there are large 

numbers of glacial boulders of various sizes. : 

On the hill just northwest of Cuddebackville are black argil- 
laceous shales in the upper part of the Hamilton formation, con- 
taining abundant fossils. The following fauna was. obtained 
from this outcrop: 


1 Paracyclas lirata (Con.) Hall (a) 
2 Nuculites oblongatus Con. (rr) 
3 Nucula bellistriata (Con.) Hall (rr) 
4 Tellinopsis subemarginata (Con.) Hall (¢c) 
5 Modiella pygmea (Con.) Hall (r) 
6 Leda rostellata (Con.) Hall (rr) 
7 Nucula corbuliformis Hall (r) 
8 Nuculites triqueter Con. (rr) 
9 Modiomorpha mytiloides (Con.) Hall (c) 
10 UM. subalata (Con.) Hall (?) : (rr) 
11 Macrodon hamiltoniae Hall (rr) 
12 Lunulicardium fragile Hall : (rr) 
13 Spirifer fimbriatus (Con.) Hall : ; (r) 
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14 Ambocoelia umbonata (Con.) Hall - 
15 Chonetes setigera Hall 


£6: Cie mucronata Hall (?) Aer i (rr) is 
17 C. scitula Hall (2) | ee 

18 Spirifer mucronatus (Con.) Bill. Ave See 
19 Nucula randalli Hall (?) | eo eee 
20 Dalmanites (Cryphaeus) booths (Green) Hall (tr) -S- 
21 Phacops rana (Green) Hall . (rr) oe 
22 Pleurotomaria sulcomarginata Con. (?) | Rees: ae 
23 Bellerophon crenistria Hall (?) . es 
24 Orthoceras crotalum Hall | . (rr) — 
25 Grammysia sp. tee ce 
26 Bellerophon sp. : ‘(eg Ea =: 
27 (?) Lnopteria sp. (rr) te : 
28 (?) Pterinopecten sp. | | =e ey 


29 Crinoid stems 


The base of the Catskill formation crosses the Neversink river : 
just below Oakland. On the river bank at the lower Oakland 
_ bridge from 15 to 20 feet of red shale is exposed. At this locality : 
a well was drilled between 1300 and 1400 feet in depth, and 
according to Mr Case after passing through from 18 to 20 feet of ie ; 
red shale at the mouth no more was struck, the remainder of the __ 
well being in “ blue stone.” This shows conclusively that the red | a 
shales on the river bank are the lowest reds in this valley. Years 
ago a well was drilled 500 feet deep in the Bushkill valley, where — se 
it joins the Neversink at Oakland, the first 50 feet of which was 
in a clear blue clay. This clay is frequently shown along the 
Bushkill valley. At the upper Oakland bridge on the eastern 
side of the Neversink river is a cliff of greenish gray sandstone. 
and green and blue shale perhaps 75 feet high. No red shale : 
occurs in it though the rocks are above the red shales at the 
lower bridge and in the Catskill formation. aaeeer: 
In the small quarry at this place the dip varies from $° to1° - 
N, 20° E, while in the quarry a little farther down the road the 
rocks are nearly horizontal, though the upper part of the ledge — | 
is so badly shattered that this horizontality may not continue 
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for any considerable distance. In general the rocks are well 


5 covered by drift along this part of the Neversink valley except 


on the steep bluffs, and boulders in large quantities have been 


Swept into it. 


At Rose Point on the Monticello and Port Jervis railroad is a 


- eut showing an excellent exposure of Hamilton arenaceous shales 
and sandstones. The dip varies from 40° to 45°N, 30°W. 


These shales contain abundant fossils and it is one of the best 


localities in the Neversink valley for collecting. The fauna is— 


as follows: 7 
1 Spirifer granulosis (Con.) H. & C. : (c) 
28. medialis Hall (?) (rr) 
BUS. mucronatus (Con.) Bill. 520) 
4 Tropidoleptus carinatus (Con.) Hall (rr) 
5 Nyassa arguta Hall oe (c) 
6 Nucula varicosa Hall (rr) 
7 Modiomorpha concentrica (Con.) Hall (rr 
8 Chonetes mucronata Hall (r) 
9 Camarotoechia congregata (Con.) H. & C. | (r) 
10 Athyris spiriferoides (Eaton) Hall (vr) 
11 Chonetes defiecta Hall (?) (rr) 
12 Ambocoelia umbonata (Con.) Hall (¢). 
13 Palaeoneilo emarginata-(Con.) Hall (r) 
14 Nueula corbuliformis Hall (r): 
15 Nuculites triqueter Con. (rr) 
16 Palaeoneilo constricta (Con.) Hall (rr) 
17 P. plana Fall (2) (rr) 
18 Nyassa recta Hall ( ?) . (rr) 
19 Modiomorpha subalata (Con.) Hall (2) (c) 
20 Macrodon hamiltoniae Hall (rr) 
21 Grammysia bisulcata (Con.) Hall (Er) 
22 Homalonotus dekayi (Green) Emm. cde Jat 
23 Dalmanites (Cryphaeus) boothi (Green) Hall (?) (rr) 
24 Plewrotomaria sulcomarginata Con. or P. itys Hall — (c) 


25 Bellerophon patulus Hall (?) possibly B. natator Hall - (rr) 
26 Lozxonema delphicola Hall (rr) 
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27 Orthoceras crotalum Hall ou ee ork 


28 Conularia undulata Con. . : (urs ee 

29 Lepidodendron gaspianum Du. (rr) Ee 

0 (?) Psilophyton princeps Du. ae (rr). he 

_ 81 Pterinea flabellata (Con.) Hall : / | meee : “ 

32 Actinopteria boydi (Con.) Hall ine oe 

33 A. decussata Hall (?) | (rE Sy eS 

34 Streptorhynchus chemungensis (Com) Hall cat (rr) ; | 5 

35 Platyceras sp. Ee | 4 

36 Two specimens of Pectinidae . ; : 

On the lower part of Prospect hill above Rose Point are : 

_ rather thin bedded bluish gray sandstones. In some of the eee a 

slightly shaly partings are fossils, a number of specimens closely : 

resembling Spirifer mesastrialis Hall, but the surface is so poorly ? 
preserved that the striae are shown only very faintly. The fol- 

| lowing species were obtained: 

1 Spirifer mesastrialis Hall Re vce 

2 Camarotoechia sp. : (rr). s 

3 Lepidodendron ar . 


Along the highway somewhat higher are ledges of thin flaggy : 
stone which split into layers from one half to one inch thick. cee is 
The rock is of a slightly greenish tint, and very arenaceous and 7 4 
fossils are common. The species mentioned in the following list oy 
were collected at this locality:. | 


1 Spirifer mucronatus (Con.) Bill. (?) (aa) — 

2 Tropidoleptus carinatus (Con.) Hall (a) 

3 Palaeoneilo constricta (Con.) Hall (rr): 

4 Oyrtina hamiltonensis Hall | (rr) 

5 Microdon (Cypricardella) gregarws Hall (ec) 

6 Paracyclas lirata (Con.) Hall (rr) 

7 Modiomorpha subalata (Con.) Hall (?) (rr) 

8 Actinopteria boydi (Con.) Hall (2) (rr) y 
9 Chonetes mucronata Hall (?) (rr) 5 
10 C. setigera Hall (ery ae 
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The exposures on Prospect hill to the west of the Neversink 
river show that the modified Ithaca fauna as found in Schoharie 
county is reappearing above the regular Hamilton fauna. From 
Albany to Orange county between the regular Hamilton fauna 
and the lowest reds there is hardly any trace of the Ithaca fauna. 
The explanation being, apparently, that the reds appeared as 
early in time as the Ithaca and so drove out the fauna of that 


time. But from Orange co. to the southwest across north- 


evstern Pennsylvania the base of the reds was apparently later 
in time, andthe modified Ithaca fauna flourished in this region. 
{his is well shown by the various lists of fossils published several 
years ago by the writer, though at that time he termed the 
formation the lower Portage,” and his discussion of the correla- 
tion adopted by the second geological survey of Pennsylvania. 

Along the road across the top of Prospect hill there are plenty 
of outcrops of thin bedded, bluish gray, micaceous sandstones 
which are in the Sherburne or Ithaca formation. No fossils were 
found on a hasty examination, and no reds were seen in place, 
showing that the base of the Catskill is farther to the west. 
Along the lower part of the hill road to the northwest of Hugue- 
not are blue fossiliferous shales of the Hamilton formation. 

The western side of the Neversink valley for some miles above 
Port Jervis as well as the Pennsylvania side of the Delaware 
valley below Port Jervis is bounded by a line of high and precipi- 
tous hills. The greater part of the ridge is composed of Hamilton 
rocks with an occasional outcrop of Marcellus shale at its base. 
The dip is strongly westerly as is clearly shown by the lines of 
the more massive sandstones where the Delaware river has cut 
through the ridge to the northwest of Port Jervis and Matamoras. 
In northeastern Pennsylvania a number of streams have cut 
gorges in this ridge, forming falls and showing the rocks 
in an admirable manner for geological study. One of these 
glens in the Sawkill at Milford is shown in one of our plates. 


a Am, jour. science 3d ser. 46:212, and Bull. U. S. geol. surv. no. 120. 
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and an account of its geology which is most interesting hasbeen 
described in an earlier work by the writer.¢ To the northwest 


of Port Jervis are frequent outcrops of Hamilton shales and sand- 5 : : 
stones which contain an abundant fauna, and some of these were =. ; = 
_ described in the work mentioned above.® £55 

On the Pennsylvania side of the Delaware river below the Erie ee 
railroad bridge four miles above Port Jervis are thin blue sand- 3 x 
stones alternating with bluish, rather arenaceous shales. Some  __ 
of the sandstone layers have a warped or undulating structure — re 
and there are concretionary layers. Fossils are rare and this 
sandstone lithologically resembles the Sherburne flags of Ulster : = 


co. to which formation these rocks are referred. Above the — 


Erie railroad bridge both on the river bank and in the cut near =. 
the 91st mile post are bluish sandstones and shales which contain 


a fauna similar to that of the Ithaca formation in Schoharie and 
Otsego counties, to which these rocks are referred. On the bank 


of the river at Mill rift in bluish thin bedded sandstones to shales 


the following species were collected. A thin layer of the bluish 
shales contains more abundant fossils than the other rocks, 


specially Paracyclas lirata (Con.) Hall and other Lamellibranch ~ 


shells. A sort of concretionary stratum not much above the 
water level at low tide contains fragments of fish bones asso- — 
ciated with Spirifers. The list is: 


1 Spirifer mucronatus (Con.) Bill. es (a) 
2 Tropidoleptus carinatus (Con.) Hall (rr) 

3 Chonetes setigera Hall (rr) | 
40. lepida Hall ) (rr) 

5 Camarotoechia eximia (Hall) H. & C. (?) fc 3 8 
6 Liorhynchus mesacostalis Hall ee (FR) 3c 
7 Paracyclas rata (Con.) Hall - (¢) 

8 Microdon (Cypricardella) gregarius Hall (c) 

9 Goniophora carinata (Con.) Hall (rr) 
10 Glossites depressus Hall (?) (rr) 
11 Actinopteria boydi (Con.) Hall (rr) 


a Bull. U.S. geol. surv. no. 120, p. 34-39, 
b Ibid p. 39-42. 
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12 Homalonotus dekayi (Green) Emm. (rr) 
13 Fish bones (fragments) (c) 


From the Erie railroad cut near the 91st mile post the follow- 


ing species were obtained: 


1 Spirifer mesastrialis Hall (rr) 
2 Palaeoneilo emarginata (Con.) Hall (rr) 
ck. plana Hall ~ (rr) 
4 Leda diversa Hall (r) 
5 Microdon (Cypricardella) tenwistriatus Hall (?) (rr) 
Possibly MW. gregarius Hall but it resembles the former more 
closely. 
6 Orthonota carinata Con. (rr) 
7 Paracyclas lirata (Con.) Hall (rr) 
8 Grammysia subarcuata (?) (rr) 
9 Modiomorpha mytiloides (Con.) Hall (?) (rr) 
10 M. ' subalata (Con.) Hall 
> var. chemungensis Hall (?) : (rr) 
11 Liorhynchus sp. (rr) 
12 Actinopteria boydi (Con.) Hall (a) 
13 (?) Psilophyton princeps Dn. (r) 
4 (?) Crania sp. or possibly Discina sp. GE) 


On the New York side of the river the rocks form a steep cliff 
200 feet or more in hight at a place known as the Hawk’s nest. 


_ The dip as determined from the canal below is between 6° and 7° 


N, 10° E. No red rocks were seen in this cliff either from the 
canal or the Hawk’s nest road. On the hill toward Mongaup is 
a thick deposit of sand and the older rocks are well covered by 
it and drift. There is apparently another sand hill on the west-. 
ern side of the river nearly opposite the Hawk’s nest. On the 
Pennsylvania side just below ‘the Pond Eddy station is an ex- 
posure of 17 feet of red shale. This is probably not the base of 
the red rocks but it is certain that the base is several miles above 


the Erie railroad bridge where the base of the Catskill formation _ 


is represented as crossing the river on the Geologic map of New 
York and it has been so indicated on the accompanying map. 
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CONCLUSION 


In the conclusion of part 1 of this report some general results 
were stated, but itis now thought best to summarize very briefly ae | 
all the important results of this investigation. oe 7 

1 It was shown that from Cortland county east across Che- Tis 


nango, Otsego and Schoharie counties the line marking the upper 


boundary of the Hamilton formation is from 5 to 15 miles farther 
north? than it was drawn on the Preliminary geologic map of New ge 
York. = | 

2 The Tully limestone extends eastward to Smyrna in the Che- 1s 
nango valley and of course for that distance clearly indicates 
the top of the Hamilton formation. Above the limestone at 


Smyrna is the Genesee slate nearly 30 feet. thick which was not — 


.clearly recognized to the east of the Chenango river. 


3 The horizon of the Tuily limestone is indicated in New Lis- 


* bon township in the southern part of Otsego county by the occur- 


rence of its characteristic fossil Rhynchonella (Hypothyris) venus- — 

tula Hall. This discovery extends the distribution of the species 

30 miles farther southeast than heretofore reported. ee 
4 Succeeding the Tully limestone and Genesee slate, or farther 

east where these formations have disappeared, the Hamilton 

formation, is a mass of thin bluish sandstones and smooth shales 

of Portage age, for which Vanuxem proposed the name “ Sher- 

burne fiagstone ” which has been adopted and used as the name for 


the formation. It has a thickness of 250 feet in the Chenango 


valley and may be readily traced westward to the meridian of — 
Cayuga lake, west of which Prof. J. M. Clarke has shown that it 
gradually passes into the Naples beds. Eastward from the Che- 
nango valley the Sherburne formation crosses Chenango, Otsegoand 
Schoharie counties, entering Albany co. where it turns south- 2 
southwesterly, and apparently extends to the Delaware -river 
crossing Greene, Ulster, Sullivan and Orange counties. Where 
the Sherburne formation is separated from the Hamilton by the 


a By a typographical error on p. 220 of part 1 of this report the writer was made to say south in- > 
stead of north, but from the numerous statements in the descriptive portion of the paper concerning “aes 
this boundary the mistake would be apparent to one specially interested. 
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Tully limestone and Genesee slate, fossils are comparatively rare 


in it, but to the east of the Chenango valley in Otsego and Scho- - 


harie counties they are more common and constitute a modified 
Hamilton fauna. In eastern New York across Greene and Ulster 
counties the upper part of the flagstones or ‘ North river blue 
stone” is apparently in the Sherburne formation, but contains 
scarcely any fossils except occasionally a few species of plants. 

5 Above the Sherburne is the Ithaca formation which has a 
thickness of 500 feet in the Chenango valley and extends from the 
vicinity of Keuka lake where it has been shown by Prof. 
Clarke that the “ Portage or Naples fauna prevails largely to the 
exclusion of representatives of the Ithaca fauna”® eastward 
across Schuyler, Tompkins, Cortland, Chenango, Otsego and Scho- 
_harie counties. In eastern New York across Albany, Greene, 
‘Ulster and Sullivan counties the physical conditions which ex- 
isted during the deposition of the Oneonta and Catskill forma- 
tions appear to have also prevailed during Ithaca time and per- 


haps they began in the Sherburne, so that there is very little 


evidence of the Ithaca fauna, the fossiliferous, bluish and grayish 
shales of the more western counties being replaced by the unfos- 


siliferous red and greenish shales and sandstones. In Orange 


county and northeastern Pennsylvania there is some representa- 
tion of the Ithaca fauna, the reds appearing later as one follows 


this series to the southwest. Prof. Clarke has clearly shown > 


that the Ithaca fauna in the Chenango valley is cemposed of “a 
more abundant representation of unmodified Hamilton species ” 
than in the Ithaca region,? which is also true to the east of the 
Chenango valley as demonstrated by the numerous lists of fossils 
given in this report. . 

6 From the Chenango valley eastward the Ithaca is capped 
by the Oneonta formation which is composed of red and green 
shales, reddish sandstones and coarse grained grayish to greenish 
gray sandstones. These rocks are nearly unfossiliferous, con- 
taining only an occasional specimen of Archaeopteris and Amni- 


age group.” 
b Ibid. p. 46-63. 
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genia catskillensis (Van.) Hall. The formation has a thickness Of —- 
550 feet in the Chenango valley and as the physical conditions _ 
under which the Oneonta was deposited appeared earlier to ages - 
eastward it gradually thickens in that direction till in Albany ae 
and Greene counties it completely replaces the Ithaca formation. , 


f 


7 The Chemung formation east of the Susquehanna river rapid- 
ly thins to the eastward on account of the earlier appearance of ‘ 
the physical conditions which prevailed during the deposition Of. 
the Catskill formation, so that the lithologic characters of the —__ 
Chemung are gradually replaced by those of the Catskill, and — an 


are es 


as this change takes place the Chemung fauna disappears till the — a 
farthest east it was noted was near Spring lake northwest of - & 
Delhi where a small Chemung faunule occurs above red shales. 
Search in the rocks occurring at the horizon of the Chemung 
formation east of the Delaware river was not rewarded with any : 
fossils and the lithologic appearance of these rocks is similar to 
that of those composing the Oneonta and Catskill formations. poe 
8 In eastern New York in Albany, Greene, Ulster and Sullivan 
counties the physical conditions under which the Oneonta and 7 
Catskill formations were deposited began.as early as Sherburne - : 
time and continued throughout the remainder of the Devonian 
period. The representation of the Ithaca or Chemung faunas is 
very slight and this great mass of rocks consists mainly of alter- 
nations of red and green shales and sandstones and gray to green- 
ish gray, coarse grained sandstones with some conglomerates in 
the Catskill mountains. In the Delaware valley the red rocks 
do not appear as early and there is some representation of the 
Ithaca fauna which is more pronounced in northeastern Pennsyl- 
vania. As this series of rocks is followed along the Appalach- 
ians southwesterly across Pennsylvania, Maryland and the Vir- 
ginias it is found that the reds gradually appear later and the 
Chemung fauna is present. For in western Maryland, succeed- — 
ing the black shales with a Genesee fauna at the top of the Ham-- : 
ilton, are first nearly barren smooth shales and sandstones like 2 
the Portage of western New York, then rougher shales and rather 2 
mealy sandstones containing an abundant Chemung fauna with 
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numerous specimens of Spirifer disjunctus in Garrett county and 
finally the red and grayish shales and sandstones of the Catskill. 
This change from the Catskill mountain region to the southwest 
is found to be quite similar in general characters to the change 
from these mountains westward across southern New York, the 
story of which was excellently told some years ago by Prof. 
Stevenson in his address before the American association for the 
advancement of science.? . 

Correction. On the “ Geologic map of parts of Chenango, Madi- 
son, Otsego, Schoharie, and Albany counties ” accompanying part 
1 of this report, published in the 15th annual report, the southern 
margin of the colored area is not intended to represent the bound- 
ary either of the Chemung or Oneonta formation. The engraver 
has made the line a regular one as though it represented a bound- 
ary, while it was intended to have been an irregular, broken one — 
which would have shown clearly that it is not to be considered 
the southern boundary of those formations. 


a The Chemung and Catskill (upper Devonian) on the eastern side of the Appalachian basin. Proc. — 
American ass’n adv. science, 1892, 40:219-48. 


Appendix 


Upper Devonian fish-fauna of Delaware county, New York 


By ©. R. EASTMAN 


The following notes are based on a small collection of fossil 
fishes from the base of the Catskill formation in Delaware 
county, New York, together with a few specimens from the Che- 
mung group near Franklin Station in the same county and one 
or two other localities, which were collected by Prof. Charles 8. 
Prosser during the prosecution of his geologic survey of this 
-region, and were turned over by him to the writer for examina- 
tion and report. | 
_ The material may be said to be fairly representative, and 
though its state of preservation is not so favorable as one might 
desire, yet it is fully as good as the average that can be obtained 
from rocks of this age in New York state. Most of the specimens 
show signs of having been drifted about by currents prior to de- 
position. The plates of Bothriolepis, for instance, are invariably 
found detached, and their ornament more or less abraded. But 
though the heavier fragments have suffered severely, delicate 
objects like the scales of crossopterygians sometimes occur 
almost wholly uninjured. The latter probably became detached 
and covered with sediment very close to the spot where the dead 
creature finally sank to the bottom. 

Although our knowledge of the higher Devonian fish-fauna in 
the eastern states is based for the most part on incomplete 
specimens, there is reason to expect it will become greatly aug- 
mented in the course of time, since the variety of fragments 
already discovered indicates a considerable diversity even as 
early as the Lower Devonian. It is impossible not to derive some 
information from the comparison of large numbers of dissociated 
parts; and among the latter there is always the chance of some 
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- exceptionally perfect specimen turning up at any moment, which | 


- Species, specially of free-swimming chordates, should be ob- 


plates and their coarsely tuberculate style of ornamentation. mee 


MUSEUM 


may afford the key to unsolved problems. The commonly de- — 
spised “ fish-fragments ” are therefore entitled to greater respect 
than most collectors have allowed, and by all means should find = = 
their way into repositories where they may be preserved and : a 


freely consulted. : ee = 
The chief interest of the present collection centers in its assort- _ Bes 
ment of Bothriolepis remains, the appendages and various plates 5 2 
of the dermal armor being illustrated by more than a score of ‘ “ 
specimens. The species B. minor was originally described from 
Chemung rocks, and has not been heretofore reported from the s as 
Catskill formation. The occurrence of a Catskill dinichthyid oe 
and a spine of Onchus, as well as scales of Holoptychius amert- 
canus in the Ithaca group are likewise matters of general inter- 
est. The principal “fish-bed” of the Upper Devonian in New- 
York and Pennsylvania has been referred by most writers to the 


_base of the Catskill, though some have placed the line of demar- | “te 


cation higher up, owing to the persistence of typical Chemung ae * 
fossils. At all events it lies near the upper limit of the Chemung Pe ) 
formation, and in view of the general migration of forms during 
these epochs, it is not surprising that some intermingling of 


served. The New York localities, however, yield a considerably 
smaller number of species than those in the northern tier of 7 
counties in Pennsylvania. pipe a 
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FISH-FAUNA OF THE ITHACA AND CHEMUNG FORMA- 
TIONS 
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Family Coccosteidae | _ 


‘ a 

Genus DINICHTHYS es 

The only species of Dinichthys hitherto described from the a 
- 7 ne 

Rye 


Chemung is D. tuberculatus Newb., founded on detached fragments 
from Warren, Pennsylvania (type in Yale museum). This species ~ 
is remarkable for the relatively great thickness of its dermal 


girs 
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i 


Fragments that are indistinguishable from those found at the 


_ 
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typical locality occur in the Corniferous of Ohio, Hamilton of 
_ Milwaukee, and Upper Devonian of Johnson co., Iowa. 


_ Newberry® describes but does not figure a small dorso-median 
plate referred to D. tuberculatus of which the anterior half only 


_ was preserved. He noticed “a strong keel on the under sur- 
face,” but though warranted in assuming that the latter “ ter- 
_ tminated behind in a neck-like process projecting downward,” it 


iS apparent from his own statement that the latter was not 
observed. Had Newberry possessed other and more perfect ex- 
amples of this plate, he could not have failed to notice their re- 


semblance to his D. precursor, from the Corniferous of Ohio. A 


comparison of the type of the latter “species ” with several other 
homologous plates from the Chemung of Warren, Pennsylvania, 


- now preserved in the museums of Columbia and Yale universi- 


ties, leads the writer to believe that D. precursor and D.iuberculatus 


are identical, in which case the latter name takes precedence. 


Lest the objection be raised that the Chemung plates exhibit a 
somewhat different outline anteriorly from Newberry’s figure of 
D. precursor, the fact must not be overlooked that the latter is 
not strictly accurate. Newberry® states that “the keel of the 
under side is buried in the rock, and its form can not be made 
out.” The truth is that the keel, which lay uppermost and was 
exposed, has been almost entirely broken away; and the dorsal 


side of the plate is embedded in the rock, or where abraded or 


corroded away, has left its impression in the rock. <A restora- 


tion to the left antelateral margin is indicated by the dotted © 


outline in plate 41, but the figure leads one to suppose that the 
corresponding antelateral margin on the right-hand side of 
the specimen was entire, which is not the case. The impression 
in the rock is so faint and confused that it is difficult to trace the 
outline of the anterior fourth of the plate; but it is certain that 
the antelateral angle was acute instead of being rounded, and 
was gently curved inward instead of flaring outward as shown. 
The chief peculiarities of this shield, as noted by Newberry, are 


a Newberry, J. S. The palaeozoic fishes of North America (Monogr. U. S. geol. surv. 1889, 16: 98). 
bd Ibid. p. 51. 
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first its tuberculation; and second, the fact that the keel. ter 
minated before reaching the posterior margin; and in both these 


respects the plates of D. tuberculatus stand in perfect agreement. — ae5 
3 , Bs Sp. ee — 
The specimen shown in the accompanying figure has the out- 
lines very distinctly preserved, but the substance of the bone has 
been considerably worn or broken away. It obviously represents a 


the anterior portion of the mandible belonging to some Arthro- 
dire, for the microscopic structure proves it is not of chimaeroid — ae 
nature. Hence it is most naturally referred to Dinichthys, but ate 
we are unable to identify it- with any known species. D. minor ae 
and D. gouldi are the nearest of the Ohio forms with which it can 
be compared, but at best very remotely. Un- =~ 
fortunately, mandibles have not yet been found Zi 
associated with fragments of D. tuberculatus in 
) either of the horizons where it occurs, and as 
this is the only contemporaneous species — 


known, it is natural to think of it in connee- ~— 
Fig. 1 Dinichthyssp. An- tion with the present mandible. The size, also, 


terior extremity of man- 


dible. is not incompatible with the plates of D. tuber-— 

culatus; but as conjectural associations are for the most part | : 
unwise, we prefer to leave the species as indeterminable. The : ; 
sinuous posterior cutting edge of the beak and general chimaeroid me 
outline are noteworthy features. =). apa : 


Locality; railroad cut one quarter mile north of Franklin 

Station. 
Family Holoptychiidae 
Genus HOLOPTYCHIUS 

The first observer who recognized that Holoptychius and Both- 
riolepis do not belong exclusively to the Catskill fauna, and who PS 
found their remains in New York state, seems to be E. W. Clay- ee 
pole. The species was not determined by him, but may have . 


a Claypole, E. W. Note on the occurrence of Holoptychius in Bradford county, ete. (Proc. Amer. te 
phil. soc., 1883, 20:531). 
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been identical with some of the forms described by Newberry in 
1889 from the Chemung of Pennsylvania. A scale belonging to 


an undetermined species of Holoptychius is also mentioned by. 


H.S. Williams? as occurring in the Chemung sandstone of Wells- 
ville, Allegany co., New York. H. americanus has not been 
hitherto reported from a lower horizon than the Catskill, hence 
Prof. Prosser’s discovery of a scale in the Ithaca beds extends the 
range of this species a considerable distance backward. Pre- 
vious to this the only other fish-remains yielded by the Ithaca 
group are the doubtfully determinable jaw described by Prof. Wil- 


liams® a few years ago as Dipterus ithacensis, and a supposed . 


Dinichthyid fragment. 


Holoptychius americanus Leidy 


An impression of the outer surface of a scale obtained from the 
Ithaca formation at Jefferson shows the characteristic markings 
of this species. The scale is cycloidal, measures nearly 2 cm in 
diameter, and is traversed by moderate-sized inosculating ridges 
which are not broken up into tubercles. It was possible to take 
a very clear reverse impression in wax, which facilitated the 
determination. : 

Locality ; south of Jefferson, Delaware co. 


Family Onychodontidae 
Genus ONYCHODUS 
Onychodus sigmoides Newberry 


This species, like Dinichthys tuberculatus ranges from the Cor- 
niferous to the Chemung, but teeth occurring in the latter horizon 
were regarded by Newberry as constituting a separate species 
(O. hopkinsi), distinguished by its somewhat smaller size. The 
average hight of the Chemung teeth is about 3 cm, but gradations 
occur all the way up to 6 cm, and it is doubtful if this size is 
exceeded by any of the Corniferous examples. None of the Che- 
mung teeth were figured by Newberry, but he thus summarizes 


their salient characters: “Teeth generally about 1 inch in length, 


a Williams, H. S.- On the fossil faunas of the Upper Devonian (Bull. U.S. geol. survey, 1887, no. 4, 
p. 78). 
6 Proc. Amer. ass’n adv. sci. 1881, 30: 193. 


aa ee os ‘NEW ae oe 


at. 


oo from the same locality for purposes of ilusteation 
The original of fig. 2 belongs to the Dyer collection, in the ae ' 
Museum of comparative zoology at Cambridge, and the other is” age 
preserved in the collections of the state museum at Albany. 


co., and comprise teeth, Ctenodus nelsom and C. levis - ber 2 
sides “ numerous fragments of fish-bones and a fish-jaw.”¢ As 


a Loc, cit. (1889) p. 99. 
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Williams in case its identity with Newberry’s species should be 
ultimately disproved. He also cites the discovery by Dr J. M: 
Clarke of “the anterior extremity of a mandible of Rhynchodus;’”® 
identified by Dr Newberry. 

A second Chemung specimen representing the lower dorsal plate 
of an undescribed species of Rhynchodus is preserved in the Cam- 
bridge museum. : | 

The Chemung of northern and western Pennsylvania is much 
richer in fish-remains than New York state. 


FISH-FAUNA OF THE CATSKILL FORMATION 
Family Ichthyodorulites 
Genus oncHUS 
Onchus rectus sp. DOV. 


A new species of selachian fin-spines is apparently represented 
by two specimens in the collection, the most perfect of which is 
shown in the annexed figure. This is 5 cm long, and .4 cm in 
maximum width; it is straight, as indicated by the name, and 
tapers gradually to an acute point. The inserted portion is round 
in section, and covered with almost microscopic longitudinal 
striae; the exserted portion on the other hand is laterally com- 
pressed, being less than .2 cm in thickness. The anterior mar- 
gin is evenly rounded, and very delicately striated. The lateral 
face is traversed by a number of fine longitudinal ridges, as many 
as 10 being counted in the widest portion. These are non- 
bifurcating, and are all of uniform size and regularly spaced with 
the exception of the anterior one, which is twice the width of the 
others, and is round in section, while the rest are triangular. 


Fig. 4. Onchus-rectus, sp.nov. Dorsal fin-spine. 


Fine striae are observable with a lens along the sides of the 
costae. The latter have their origin along a slightly oblique line 


ae 


@ Williams, H. S., loc. cit. (1887) p. 62, 68, pl. 3, fig. 1, 2. 


bidem. On a remarkable fauna at the base of the Chemung (Amer, journ. sci. [3] 
2883. 25:98). 
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extending upwards and backwards, but there is no very sharp 


demarcation between the base and the exserted portion. Neither 
the spine itself nor its impression in counterpart show any traces 


of posterior denticles, a fact which serves to exclude it from the © 


genus Hoplonchus, and justifies the present determination. The 
general form is comparable with that of O. murchisoni, but is 
more rectilinear; and in ornamentation there is a strong resem- 


blance to O. tenuistriatus. Both of these species persist as late as 


the lower old red sandstone, but no Devonian species of Onchus 
has as yet been described from this country. 


Locality ; Ontario and Western railroad tunnel between ee . 


ville and North Walton, Delaware co. 


Family Asterolepidae 
Genus BOTHRIOLEPIS 


Bothriolepis leidyt Newberry (?) 


Though this is a characteristic Catskill species, all the re- 


mains of Bothriolepis in the collection are assignable to B. minor 
with one exception, which may be somewhat doubtfully referred 


to B. leidyi. This specimen is so abraded as to render an accurate — 


determination impossible, but the ornament is certainly sug- 
gestive of B. leidyt, though on the other hand the thickness of the 
plate is excessive for that form.” The identification must there- 
fore be regarded as provisional only. 

Locality ; same as preceding. 


Bothriolepis minor Newberry 
This species has heretofore been supposed to be confined to the 
Chemung group, but Prof. Prosser has succeeded in obtaining an 
extensive series of plates from the Catskill which show the char- 


acteristic ornamentation described by Newberry. The plate of 


most frequent occurrence is the antedorso-median, but it is 


seldom found entire. Under the designation of ‘“ scutes, upper 
and lower surfaces,” Newberry figures the dorsal aspect of this. 
element in plate 20, fig. 6-8 of his monograph, and in fig. 4 and 5 
shows the same plate in B. leidyi, all more or less imperfect, — 
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and with the exception of fig. 7, all turned with the posterior 
end uppermost. 

The orientation of this plate is capable of positive determina- 
tion, whether the rugose external crust is preserved, or only an im- | 
pression of the visceral surface of the 
bone remains. In case the ornamenta- 
tion iS preserved well enough to show 
the divergent sensory canals, it need 
only be borne in mind that these meet 
at an angle near the center of the plate 
with the apex of the V directed an- 
teriorly. When the bone-substance has 
been denuded so as to leave a smooth 


impression of the visceral surface, as 
Fig. 5. Bothriolepis minor Newb. An- 
tedorso-median plate denuded of 


median keel, which traverses the plate outer crust. 


shown in fig. 4, we notice first of all a 


for about three quarters of its length. Frequently the keel 
itself is more or less worn away, its position being marked by a 
longitudinal groove, widest a little in advance of the middle of 
the plate, and terminating slightly before the posterior margin. 
The keel is met on either side anteriorly (at a distance behind the 
anterior margin equal to about one fourth the length of the plate) 
by a sharp ridge depending from the under surface, and extend- 
ing forward and outward nearly to the anterior margin. These 
ridges diverge from the median keel at a somewhat lesser angle 
than that formed by the junction of the sensory canals, and it 
often happens that the area included between them is broken 
off from the rest of the plate. In some specimens the keel ap- 
pears to terminate at the junction of these ridges, but in others 
it continues faintly almost as far as the anterior margin. 
Apparently some structural difference exists between the bor- 
ders of the plate where it overlaps contiguous elements (ante- 
dorso-laterals), and the central portion. Possibly the bone is 
denser near the edges than elsewhere, but at all events it is usual 
to find the margins preserved as far as they are overlapped, even 
where the ornament has been worn smooth as shown in the 


gives rise to the appearance of a raised border along the ante. > 
lateral ee sometimes ornamented but in ers cases: ae 


the antedorso- median, thus Adtenianes that all are the produtl of = 
the same cause, and are correlated with the condition of overlap. — 
The collection also contains two pectoral appendages belonging < oa a 
to the left side of the body, one of them being preserved in coun- — 
terpart. They are about the average size of those in B. bee i 
Some of the ventral plates likewise indicate less disparity in size 
of the two species than has commonly been supposed. No exam- i 
ples of the head portion are represented in the collection. = - : 


Locality; same as preceding. ‘ oe ae, 


Family Coccosteidae 
Genus DINICHTHYS * ae 
Dinichthys sp. | ae 
The dinichthyid plate of which the visceral aspect is shown 
in the annexed figure is identifiable as the left anteventro-— iS 
lateral. It is nearly entire, lacking only — =e 
-a small piece from each of the antelateral mae 
angles. In length it measures 4.4 cm, and ~ a 
in maximum breadth 2.8 cm. It is quite 
thin, and this circumstance taken together — é ae 
with its outline and rugose markings one 5 | 
the posterior and inner margins, due prob- % = 
ably to overlap, compel us to refer to it to bts : 
‘the ventral surface of the body. There is 
an obvious similarity in outline to the cor: =a 


responding plate in D. minor,“ and a lesser 


Fig. 6. Dinichthys sp. Visceral 
surface of right anteventro- 


sides ha dae teus. As the external surface is firmly em- = 
bedded in the matrix, it is impossible to observe the nature of — 
the ornamentation, and hence a specific determination is quite _ 


resemblance to the same element in Coccos- 


a Cf. Newberry, J. S., loc. cit. (1889). pl. 47, fig. 2. 
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impossible. In point of size, however, it would correspond to a 


young individual of D. tuberculatus from the Chemung. No 
species of Dinichthys has yet been described from the Catskill, 


and it is therefore to be hoped that further material of this 
nature may be forthcoming. i 
Locality ; Kaaterskill creek above Palenville. 


Family Holoptychidae 
Genus HOLOPTYCHIUS 


H, oloptychius americanus Leidy 


Scales of this species are quite abundant in the Catskills, and 


were obtained in considerable numbers from the same locality 
as Onchus and Bothriolepis, i. e. from the Ontario and Western 
railroad tunnel between Murickville and North Walton, in Dela- 


ware co. 


Associated with the above were several specimens illustrative 


_of the scales and bone-fragments of some unknown fish, probably 


of crossopterygian nature. The scales are about 2 cm in diame- 


ter, and somewhat elliptic in outline. The external surface is. 


smooth without being either polished or enameled, and under a 
lens is seen to be covered with innumerable minute conical eran- 
ules. The latter are hollow, and consequently appear as pores 
on abraded or fractured specimens. The thickness of the scales 


varies between 1 and 1.5 mm, and the under surface of some 


bears a prominent articulating ridge. The generic and even 


_ family position of these objects must be regarded for the present 


as indeterminable. 
Locality ; same as preceding. 
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INTRODUCTION 


- The eastern escarpment of the Helderberg plateau, generally 
termed the Helderberg mountains, forms one of the most striking 


topographic features of central eastern New York. The most 


prominent portion of this escarpment is in the central part of 


Albany co. in New Scotland township where it turns from a 


| southerly to a westerly direction. To the south of New Scotland 
the Helderberg and Catskill mountains form for many miles the 


_ western boundary of the Hudson river valley, while to the west 


no less than 10 different geological formations are exposed in the 


of New Salem the escarpment forms the northern boundary of 
the great plateau region of southern New York which has re- 
cently been well termed by Prof. Tarr the New York-Pennsyl- 


vania plateau province.“ An excellent view of the most rugged 


part of the Helderberg mountains is offered every traveler on the ~ 


N. Y. C. & H. R. railroad on leaving Albany who on looking out 


of the car window toward the west will see a steep mountain 


ridge rising from 1000 to 1300 feet above the general level of 


the Hudson river valley. Not only is the region famous for its 


natural scenery but the massive limestones which form cliffs 


from 50 to 100 feet in hight are familiar by name at least to ~ 


every geologist as the Helderberg limestones. Prof. James Hall 
has made numerous trips to this region and the Schoharie valley 
and has added some hundreds to the known species of fossils so 
that the locality has become a classic one. Indeed, the great 


‘English geologist Lyell is reported to have said after visiting 


the Helderberg region that no one could consider himself a per- 
fectly trained geologist until he had seen the Helderberg moun- 
tains, and it is well known as a favorite locality of Louis Agassiz 
for geological study. 

However when the writer came to study the geology of this 
extremely interesting region he found that no one had published a 
precise geological section of the northern Helderbergs. Since 


— 


aBull. Am. geog. socs 1896. 28:106, 


eo en: 
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eastern Helderberg escarpment and since it would be difficult to 


find a locality in New York at which the stratigraphic position 
of a similar thickness of rocks is as clearly shown, and finally 


since it is the typical locality for the Lower Helderberg series it — ‘ : 


seems important that the thickness, lithologic and faunal charac- 


teristics of typical sections of the northern Helderbergs should 


be published. Mather in 1843 in using the name “ Helderberg 
division” for the rocks forming the northern end of the Helder- 


berg mountains, stated that ‘in consequence of these rocks 


being so well developed on the Helderberg mountains, and their 


forming a natural group, strongly marked in their lithological — 


and paleontological characters from the strata lying above and 


below them, the term of Helderberg division is used to designate : 


them.’”¢ - 
This division included all the formations found in the 
northern Helderbergs from the top of the Hudson to the base of 


the Marcellus shale. Mather’s classification has not been gener- 


ally adopted but the name Helderberg is perpetuated in geolog- 


ical classification by the Lower Helderberg period or series. 
The general geology of the Helderberg region has been more 


or less fully described by various geologists. The first work de- . 


scribing to any extent the geology of Albany co. is that by 
Eaton and Beck in 1820.6 At least a third of the work is devoted 
to a discussion of the different varieties of soil and their treat- 


ment and naturally enough the geological portion is very crude. 


“A section of the Helderberg” is given on p. 55 which was ap- — 


parently made farther north than Countryman hill. At the base — 


is a “compact limestone consisting of organic relics.” This state- 
ment is clearly an error as no limestone occurs in such strati- 
graphical position near the northern part‘of the mountains. Next 
is what is called a “ water limestone destitute of organic relics ” 
capped by a layer of “iron pyrites ” which is evidently the water- 
lime. Above this is a “ slaty sandlime destitute of organic relics ” 
which apparently refers to the Tentaculite limestone, while the 


aGeol. of N. Y. pt 1, p. 325. 
UGeol, surv, of the co. of Albany, p. 56. 
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Pentamerus, Shaly and Becraft limestones were apparently over- 
looked since the succeeding and highest division is described as 
a “porous sandstone containing organic relics” which judging 
from the statement that “ the best locality of this rock is in the 
town of Berne on the height of the Helderberg ”@ ig undoubtedly. 
the Oriskany sandstone. 

Next in order is the report of Mather in 1848 describing the. 
geology of the first geological district of New York,®? while Em- 
mons in 1846 added materially to the knowledge of the geology: 
of that region.¢ ; 

In 1859 Prof. Hall enumerated the formations “ comprising the 
Helderberg mountains proper in Albany county” and proposed 
the names ‘“ Lower Helderberg group” composed of the Tentacu- 
lite, Pentamerus, Delthyris shaly, Encrinal and Upper Pentam- 
erus limestones and ‘Upper Helderberg group” composed of 
the Schoharie grit, Onondaga .and Corniferous limestones.“ It 
was stated that “the Lower Helderberg group...has been so- 
termed from its very complete development along the base of the 
Helderberg mountains; constituting in this part of New York an 
important fossiliferous group.°® 

In geological classification the Upper Helderberg has been 
partly superseded by the term Corniferous period and series but 
the name Lower Helderberg series or Helderberg limestones is. 
still generally in use. 

Mr Darton has discussed recently “the relations of the Helder-_ 
_berg limestones and associated formations in eastern New York ” 
and described the geology of Albany co., adding considerably 
to the knowledge of the stratigraphical and structural geology of 
the Helderbergs. However on account of the absence of any 
detailed section in the above works the authors of the present 
paper decided to describe two typical sections of the eastern flank 


7 a Geol. surv. of the co. of Albany, p. 29. A description of the geological divisions men= 
tioned above is given on p. 26-30. 
bGeol. of N. Y. pt 1, p. 317-53. 
cAgriculture of N, Y. 1:153-86. 
dGeol. surv. N. Y. Paleontology, vol. 3, pt 1, p. 97. 
elbid, p. 33. See also p. 33-45. 
7i8th An. rept. N. Y. state geol. 1894. 1:197-261. 
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of the Helderbergs in New Scotland township, the first, Countey. oo 
man hill from near the nor:hern end of the Hel derbergs to the west — 
-of New Salem, and the second, a few miles farther south along — 
Oniskethau creek and in the vicinity of Clarksville. The more : 
northerly of the two.sections will be described first. ie 


NEW SALEM AND COUNTRYMAN HILL 


New Salem is a small village with less than 200 people located 


in the northern central part of New Scotland township at the 


foot of the steepest part of the Helderbergs and three miles south- 


west of Voorheesville, a station on both the Susquehanna di- 


~vision of the Delaware and Hudson and the West Shore railroads. 
To the west of New Salem, its base being only a short distance 
from the village, is the rugged slope of Countryman hill which 


forms the highest and most precipitous point of the Helderberg 


range. For two miles and a quarter to the north the lower part 
_-of the escarpment is specially marked, being composed of massive ~ 


limestone cliffs which form perpendicular walls from 50 to 100 — 
feet high and then it turns sharply to the west. New Salem is ~ 


a little over 400 feet above sea level, the foot of the cliffs of 


‘Countryman hill 500 feet and its top about 1650 feet A. T. The 
eastern side of the hill consists of three steep cliffs which are sep- 
arated by two marked terraces. The two lower cliffs are com- | 
posed mainly of massive limestones between which is a. terrace 


of shaly limestone and shale the central part of which is broken . 
by a heavy ledge of limestone and sandstone, while the upper cliff 


is composed principally of shales which become arenaceous to- 


ward the top. On top of the hill it is comparatively level for sev- 


eral acres while to the west is a small valley formed by a branch ~ 


-of the Oniskethau creek, on the western side of which rises a 
higher ridge which forms the culminating part of the Helder- 


bergs, its summit being given by the U. S. coast survey as 1823 
feet A. T. From the top of these hills on a clear day a magniii- 
cent view of the great Hudson valley and the mountains to the 


‘east may be had, a view that well repays one for the steep ascent. 


Plate 1 


Section of Countruman Hill, New Salem. 
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About New Salem and part way up the lower cliff of Country- 
man hill the geological formation is the Hudson river which in 
general underlies all of the great plain from the Helderbergs east 
to the Hudson and north to the Mohawk river. The underlying 
rocks however for considerable areas of this plain are covered by 
- Jater formations belonging both to the Glacial and Champlain. 
“The Hudson river rocks about the foot of the Helderbergs consist 
of alternations of shales and sandstones that are comparatively 
barren in fossil remains. The only fossils:reported from the Hud- 
gon river rocks of this region, so far as known to the writer, are 


_ Orthis testudinaria and Trinucleus concentricus which were found 


by Mr Walcott at the Indian Ladder on the northern escarpment 
of the Helderbergs about two and one half miles northwest of New 
Salem.2 The formation has a great thickness in this region as 
shown by a well drilled near Altamont (formerly Knowersville) 
_ which started 595 feet below the base of Tentaculite limestone 
and reached the top of the Trenton limestone at a depth of 2880 
feet, giving a thickness of 3475 feet for the Hudson and Utica 
formations to which with the exception perhaps of a few feet at 
the top, all the rocks in this section between the Tentaculite and 
Trenton limestones belong.® 


SECTION OF COUNTRYMAN HILL - 
eXXXIX A. The following section begins at the foot of the 


steep cliff a little north of west of New Salem and continues to 


the top of the hill. 
Feet 


A® Top of Countryman hill composed of rather aren- 425=1247 


aceous shales that contain very few fossils. On 

the top are loose glacial boulders of Corniferous 

limestone. Near the base of this upper ridge are 

fine, argillaceous shales of the Marcellus shown in 

small draws, but the greater part of the slope is 

covered by soil so that it is impossible to determine 
aBull. geol. soc. Am, 1890. 1:345. 


bAshburner. Trans. Am, inst. min. eng. 1888. 16:951-53. 
-cUnion college geological survey. 


336 


. A 


NEW YORK STATE MUSEUM 


the line of division between the Marcellus and 


Hamilton formations. Again in the Helderberg 
region there is a gradual change in the lithologie 
characters from the Marcellus to the Hamilton, 
and the Marcellus shales have a ereater thickness: 
than in central.and western New York. It is prob- 
able that the upper part of the hill belongs in the 
Hamilton formation. To the southwest across 
one of the head branches of the Oniskethau creek 


is the highest ridge of the Helderbergs which is _ 
composed of slightly arenaceous shales contain- 


ing abundant Hamilton fossils. 

Cliff of massive limestone, the top of which forms 
the upper terrace due to the erosion of the Marcel- 
lus shale. The rock is light gray in color, contains 
in places a considerable amount of chert and is not 
very fossiliferous, most of the species being corals. 


Onondaga limestone. 
An impure, dark gray limestone which weathers to 


_ a buff, porous sandrock, shown in places at the 


A 


A’ 


base of the Onondaga limestone on the cliff south 
of west of the house of Mr K. P. Parrish, where a 
thickness of 2’ 10” was measured. Schoharie grit. 
Blackish, somewhat arenaceous shales which con- 
tain specimens of Spirophyton cauda-galli (Van.) 
Hall. Hsopus shale or Cauda-galli grit. - 
Very dark gray quartzitic sandstone which weath- 
ers to a brownish color and contains abundant fos- 
sils. The upper surface of this sandstone is gener- 
ally covered with markings of Spirophyton cauda- 
gall, and it forms the upper part of the lower ter- 
race. Oriskany sandstone. 

Ledge of massive, light gray, fossiliferous limestone 
which is well exposed for some distance above the 
highway in the vicinity of the house of Mr K. P. 


100-822 


3-723 


121-719 | 


“O=598 | 


13-596 — 


Plate 2 


*._” WYNKOOP HALLENBECK CRAWFORD CO 


BOULDER OF CORNIFEROUS LIMESTONE; TOP OF COUNTRYMAN HILL 


; & < Sa 
ph 


at » 
2 


et 
.. 
Shion € 


A® 


Parrish. This limestone was formerly called the 
Upper Pentamerus but recently Prof. Hall has 
named it the Beeraft limestone.? 

Grayish calcareous shales and shaly limestones. 
The shales contain great numbers of fossils many 
of which are nicely preserved. This formation con- 
stitutes the lower part of the first terrace to the 
west of New Salem and has the most gentle slope 
of any of the formations composing this part of the 
hill until the talus at its base is reached. Shaly 
limestone. : 

Massive bluish gray limestone forming the upper 
part of the conspicuous cliff to the west of New 
Salem. This limestone forms the upper part of the 
prominent cliff which may be followed from south- 
west of New Salem around the northeastern and 
northern ends of the Helderbergs to Altamont. An 
excellent idea of themassive appearance of thislime- 
stone is given in an accompanying plate the upper 
part of which shows the limestone as it appears on 
the western side of the “Indian Ladder” road at the 
northern end of the Helderbergs. Pentamerus lime- 
stone. 

Thinner bedded limestones than the above which 
are transitional in lithologic and faunal characters 
from the Pentamerus to the Tentaculite limestone. 
Dark blue thin-bedded limestones, the layers of 
which are generally from one to three inches in 
thickness and break with a ringing sound. These 
thin limestones form the lower part of the vertical 
cliff from New Salem around the northern end of 
the Helderbergs to Altamont. Tentaculite lime- 
stone. 


a@i3th an, rep’t N. Y. state geologist, p. 212. 
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Covered by soil and talus. 

Bluish eray, fairly massive sandstones which alter- 
nate with dark colored argillaceous shales. Hudson 
rier sandstones. 
Covered by soil, drift and talus to the foot of the 
Hala’ 


SECTION SOUTH OF NEW SALEM 


= 
) 


300=300 


In the above section the contact of the Hudson formation and 
the overlying limestones is covered, but in a small glen west of 
the house of Rensselaer Markel one half mile south of New Salem 
the contact is clearly shown. The section of this glen is as 


follows: 


Bp’ 


B 


B 


Massive limestone forming cliff at the head of the 
run which is the southerly continuation of the lower 
cliff directly west of New Salem. Pentamerus lime- 
stone not giving however the entire thickness of the 
formation. . : 
Transitional layersfrom the Pentamerus to the Ten- 
taculite limestone, containing Spirifer vanuxemi 
Hall and Leperditia alta (Con.) Hall. 

Thin bedded dark blue limestone. Tentaculite 
limestone. 
Drab, impure limestone, well exposed in the run at 
the foot of the cliff. These beds are shown in the 


accompanying plate. Waterlime. 


Greenish sandstone to coarse arenaceous shale con- 
taining plenty of iron pyrites, 10 inches in thick- 
ness. Possibly it represents the attenuated Clinton 


formation. 


Dark blue to olive tinted argillaceous shales well ex- 


posed in the steep banks of the brook. Hudson rwer 


_ shales. 


a Given at 6’’ instead of 10’’ for convenience in summation of section. 
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PALEONTOLOGY 


The data for the preparation of this article have been obtained 
while directing the work of the ciass of Union college in field 
geology and there has not been the opportunity for a thorough 
collection of the fossils from the different formations. 

Tentaculite limestone. This limestone contains but a compara- 
tively small number of species, and only three that occur fre- 
quently. Of these Tentaculites gyracanthus (Eaton) Hall is so 
abundant as to suggest the name for the formation. The follow- 


ing species were obtained: 


1 Tentaculites gyracanthus (Eaton) Hall (aa) 
‘ 2 Spirifer vanuxemi Hall (aa) 
3 Leperditia alta (Con.) Hall — (aa) 
{ Megambonia aviculoidea Hall (r) 
5S Modiolopsis (?) dubia Hall RT) 
6 Chaetetes (Monotrypella) arbusculus Hall (r) 


Pentamerus limestone. This limestone like the Tentaculite con- 
tains but a small number of species. The Pentamerus galeatus 
Dal., or Sieberella galeata as it is now called by Professors Hall 
and Clarke is fairly abundant and furnished the name for the 
formation. Below is the list of species collected: 

1 Sieberella galeata (Dal.) H. & C.=Pentamerus galeatus Dal. (a) 

2 Uncinulus mutabilis (Hall) H. & C. 

3 Atrypa reticularis (Linn.) Dal. 


Shaly limestone. This contains a larger number of species than 


any other formation exposed on Countryman hill and on account 


of the softer nature of the rocks of which it is composed, it is not 
so generally exposed as the other limestones of the Helderberg 
mountains. One of the best localities for collecting yet seen in 
the northern Helderberg region and the one that furnished the 
following species is along the highway below the house of Mr 
Kk. P. Parrish: 

1 Stropheodonta (Leptostrophia) becki Hall (Cc) 

2 Spirifer perlamellosus Hall (a) 

3 Leptaena rhomboidalis (Wilckens) H. & C. (a) 
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4 Trematospira globesa Hall , - (e) 
5 Spirifer cyclopterus Hall -(e) 
6 S. macropleurus (Con.) Hall (c) 
7 Stenoschisma formosa (Hall) H. & C.=Rhynchonella 
formosa H. (r) 
8 Atrypa reticularis (Linn.) Dal. (r) 
9 Meristella arcuata Hall (r) 
10 Orthis (Dalmanella) planoconvexa (Hall) H. & C. 2 
11 Nucleospira ventricosa Hall . (r) 
12 Strophonella punctilifera (Con.) H. & C. (c) 


Some of these specimens seem to be the species called 
S. cavumbona H.; but it is said to be identical with S. 
punctilifera (Con.) H. & C. in Paleontology, vol. 8, pt 1, 


D.. 208. 
13 Tentaculites elongatus Hall ~ (r) 
14 Streptelasma strictum Hall (r) 
15 Fenestella sp. : (c) 


‘16 Dalamanites pleuroptyx (Green) Hall (r) 
17 Crinoid segments | 
18 Uncinulus vellicatus (Hall) H. & C Shynohonen vellicata 


Hall (r) 
19 Lichenalia torta Hall (r) 
20 Uncinulus abruptus (Hall) H. & C. = Rh yienOneMn abrupta 
A tall | (r) 
21 Favosites sphaericus Hall (r) 
22 Hatonia medialis (Van.) Hall . (r) 
23 Rhynchonella transversa Hall (?) , (r) 
24 Orthoceras sp. 
25 Trematospira multistriata Hall (r) 
26 Avicula tenuilamellata Hall (?) (r) 


Becraft limestone. This limestone was formerly called the Up- 
per Pentamerus on account of the abundance of Pentamerus pseu- 
dogaleatus Hall—now called Sieberella pseudogaleata by Hall and 
Clarke—but in 1894 Prof. Hall gave it the name Becraft lime- 
stone from its occurrence on Becraft mountain near the city of 


ee td 
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‘Hudson, Columbia co. This limestone forms a conspicuous 
ledge near the house of Mr Parrish, the top of the shaly limestone 
being shown in the spring below the house. The top of the . 
limestone is bare for some distance and numerous joints are 
nicely shown. This is a gocd locality for collecting and the 
following list was obtained in that vicinity: 


1 Spirifer concinnus Hall — (a) 

2 Sieberella pseudogaleata (Hall) H. & C.=Pentamerus pseu- 
dogaleatus Hall (a) 
3 Atrypa reticularis (Linn.) Dal. ; (a) 

: 4 Wilsonia ventricosa (Hall) H. & C=Rhynchonella ventri- - 

cose Wall): : (r) 
0 Rhynchonella (Uncinulus) nobilis Hall (c) 
Gh. (U. ) campbellana Hall (r) 
7 Orthis (Schizophoria) multistriata Hall (c) 
ee 0} (Rhipidomelia) oblata Hall (r) 
9 Spirifer cyclopterus Hall (?) (r) 
10 Leptaena rhomboidalis (Wilckens) H. & C., (r) 
11 Orthothetes cf. woolworthana (Hall) H. & C. (r) 
12 Aspidiocrinus scutelliformis Hall . (a) 
13 Lichenalia torta Hall (r) 
14 Streptelasma strictum Hall sae ae (r) 
(15 Favosites sphaericus Hall Cr) 7 


16 Bryozoa sp. 


Oriskany sandstone. This sandstone is well exposed back of 
Mr Parrish’s house where it rests directly on top of the massive 
Becraft limestone. The section differs in this respect from those 
on West mountain west of Schoharie where an. upper shaly lime- 
stone occurs between the Becraft limestone and. Oriskany sand- 
stone. The Oriskany sandstone on Countryman hill is very fos- 
siliferous, the following species having been collected from the 
ledge just west of the Parrish house: 


1 Spirifer arenosus (Con.) Hall (a) 
Ze Se, arrectus Hall (a) 


38 pyxidatus Hall (ye 


a13th an. rep’t N. Y. state geologist, p. 212: 
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4 Rensslaeria ovoides (Eaton) Hall 

5 Hatonia peculiaris (Con.) Hall 

6 Merisiella lata Hall 

7 Leptocoelia flabellites (Con.) Hall 

8 Orthis (Rhipidomella) musculosa Hall 
“9 Hipparionyx proximus (Van.) H. & C. (?) 


Small specimens, probably young individuals 


10 Platyostoma ventricosa Con. | (r) : 
11 Orbiculoidea-ampla (Hall)—=Disema grandis (Hall) H. & Cy (yee 
‘12 Orthis sp. (Eee 

13 Stropheodonta cf. magniventra Hall (Tey 

14 Platyceras nodosum Con. (r) 


CG. 8. P. 


CLARKSVILLE AND ONISKETHAU CREEK 

Clarksville lies about 12 miles southwest of Albany on the 
Delaware turnpike in the southwestern part of New Scotland 
township. The village is in a small depression with Bennett hill 
on the south and Wolf hill on the west, while on the east and. 
north is a ridge from 50 to 100 feet high. There is little doubt 
that this depression was at one time a lake. Oniskethau creek 
however long ago cut a gorge 100 feet or more el through the 
ridge to the east. 


The Oniskethau creek rises in the Helderberg mountains west — 


of Wolf and Countryman hills, and flowing east between them 
turns southeast along the base of Wolf hill and passing through 
the villages of Clarksville and South Bethlehem unites with the 
Spraytkill to form Coeymans creek which enters the Hudson at 
Coeymans. At Clarksville the Oniskethau breaks through the 
Upper Helderberg formations making two deep and narrow 
gorges; one 75 or more feet deep through the Onondaga limestone 
just above the village, and the other which has just been men- 
tioned through the ridge of Esopus shales east of the village. 
About two miles southeast of Clarksville at the saw mill of 
Cornelius Slingerland a less conspicuous cut is made through 


the shaly member of the Lower Helderberg series. At the head 
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of this cut is a fall of about 20 feet, an unusual feature in the 


shaly formation. The gorge is fully a quarter of a mile long and 


is the finest exposure of the shaly that the writer has ever seen. 
There is a gorge through the Onondaga about 200 yards north 
of the one through which the Oniskethau now flows and some- 
what smaller than it, which the writer considers to be an ancient 
bed of this creek. Its situation is such that the creek might 
easily be turned into it now and there is no other stream in the 
vicinity large enough to have cut sucha gorge. At the lower end 
‘of the village west of the Dutch reformed church is another evi- 
dence of this ancient bed. It isa little valley running north and 
south, the highest part of which is not more than 10 feet above 
the present bed of the Oniskethau, and before the gorge was cut 
to the east this valley must have been the outlet to the little lake 
which formerly existed at Clarksville. 
Along the base of Bennett hill immediately south of the village 
are seen the northernmost traces of th<se flexures which are so ap- 


parent in these formations farther south.? They consist of two 


slight folds and a small overthrust. The overthrust is in the 
gorge through the Onondaga above the village and may be plain- 
ly seen on its eastern side. There is a layer of Schoharie grit 
with Onondaga limestone dipping under it, 8 or 10 feet of the 

limestone being exposed, while above the Schoharie lies the regu- 
dar thickness of Onondaga. A number of fissures filled with cal- 
cite, made no doubt when the overthrust occurred, may be seen in 
the gorge. One of the folds consisting of a broad, low anticline 
is very evident in the sides of the gorge through the Esopus 
shales below the village. The other fold is between the two 
gorges east of the house of Mr W. H. Rowe. 

Clarksville like all the Helderberg region has been visited by 
many geologists. Among the first must have been Mr T. A. 
Conrad for he used the name Clarksville for two formations in 
his Section of New York Silurian rocks. "Phat part of Mr Conrad’s 
section in which this name is used is as follows: 


aAppalachia. 1884. 3:20-33. Plate. 


EAL 

pS 5 

ol 
rae 


344 - NEW YORK STATE MUSEUM ; 
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f Atrypa nasuta, 


| 
20 Onondaga limestone Delthyris, two species (new eat 
: | Asaphas selenurus. 
| Atrypa elongata, 9 
19 Oriskany sandstone { Delthyris arenosa ;. 


| other large bivalves. 


ae (Al 
18 Sandstone of Clarksville, A large Orthoceras, 


Helderbete | : Pterinea (bilobite), 
| Calymene platys. 
17 Limestone of Clarksville Pileopsis tubifer. 
16 Sandstone Fucoides canda-galli. 
15 Blue limestone Delthyris (new). 


{ Trilobites (two new genera), 


14 Shaly limestone, Delthyris macropleura, 


Cerrar Pileopsis ? (ventricose) 
pa (two species), 


| Strophomena costellata. 


Pentamerus (Atrypa) galeatus 
| Atrypa lacunosa. 


A. 


13 2d Pentamerus limestone 


Tentaculites annulatus, 

| ; Delthy ris (new), Orthis (new), 
Patou. univalves unnamed 

| Cytherina, a large species.27 | 


12° Water limestone 


By the foregoing quotation it will be seen that the geological 
formations near Clarksville were studied at least as early as 1840, 

It is rather difficult to understand to which formations Mr 
Conrad ascribed the names “Limestones and sandstones of 
Clarksville,” or how he came to repeat his formations in a country 
where the stratigraphy is so clear. The fossil Pentamerus gale- 
atus establishes no. 13 as Lower Pentamerus and Delthyris macro- 
pleura=S pirifer macropleurus determines no. 14 as Shaly limestone. 
That the ‘ Blue limestone,” no. 15, is Becraft or Upper Pentam- 
erus is proven by the.following quotation from Mr Conrad: 
“1) a blue limestone well marked by the remains of a large spe- 


cies of crinoidea resembling a Seutella in form. 2) Oriskany. 


aAmer. jour, sci. April 1840. 38:89. 
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sandstone”; and a section by Mr John Gebbard which Mr Conrad 


quotes on the same page. No. 16 is Esopus shale or Cauda-galli 
erit and no. 17 is the Onondaga limestone, for Pileopsis tubifer= 
Platyceras dumosum? is not found in any other formation except 
perhaps the Schoharie grit. The fossils named by Mr Conrad for 
; no. 18, “ The sandstone of Clarksville” leave no doubt that this 
formation is the Schoharie grit. Calymene platys is characteristic 
of the Schoharie. The Orthoceras may be any one of the numer- 
ous large species contained in this formation and it seems to be 
implied that Pterinea (bilobite) and Conocardium cuneus are the 
same,’ Conocardium cuneus being characteristic of the Schoharie 
erit. The question remains why did Mr Conrad commit the error 
of putting the sandstone of Clarksville above the limestone in- 
stead of below it? Above the “sandstone and limestone of 
Clarksville,” Mr Conrad placed the Oriskany, no. 19, and the On: 


ondaga, no. 20. This may probably be explained by the fact that 


Mr Conrad did not recognize the Oriskany at Clarksville for it 
is only about one foot thick and very sparingly exposed, and if 
seen it might have been taken for the lower layer of the Esopus 
shale as the Oriskany has the same general color and the upper 
surface is covered with marks of the Spirophyton cauda-galli. 
And he did not-correlate the limestone of Clarksville with the 
Onondaga limestone which is found resting on the Oriskany west 
of Oneida. co. | 

Prof. Emmons in his agricultural report frequently men- 
tions a Mr Clark of New Scotland. New Scotland as used here 
does not refer to the village of that name but to the township. 
The description which Prof. Emmons gives of the country about 
Mr Clark’s leads the writer to believe that it was the present 
village of Clarksville and that the gentleman was Mr Adam 
Clark, from whom the place takes its name. At the time that 
Prof. Emmons’s report was written the villages of Clarksville and 
New Scotland did not exist. The report contains a picture of the 
lower end of the gorge through the Esopus shales below the 


a 3d an. rep’t T, A. Conrad, palaentologist N. Y. state geol. survey, 1840. p. 203. 
bIbid, p. 205. 
elbid, p. 207, 
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village of Clarksville and is labeled New Scotland but in this case 
also Prof. Emmons refers to the township and not to the village. 

That Prof. James Hall is very familiar with Clarksville and 
its vicinity, a glance at vol. 6, Palaeontology of New York 
will plainly show, for a large proportion of the specimens figured 
in that work are listed from Clarksville and while, working in 
that region many people were met who had known and enter- 
tained him and his assistants. | , 

In the summer of 1892 while engaged in geologic work in this 
state, Mr N. H. Darton visited this region and took a picture of 
the gorge through the Onondaga limestone above the village.” 

~The section at Clarksville is about three miles directly south 
of the New Salem section. Its slopes are much more gentle than 
at New Salem and the ledges formed by the eroding of the softer 
formations are much broader. 


CLARKSVILLE AND ONISKETHAU CREEK SECTION 
This section begins about two miles east of Clarksville near 
Mr Bradford Allen’s about one quarter of a mile north of the 
Delaware turnpike and ends at the top of the Wolf hill nearly 


two miles west of the village. 
Feet 


A™ Brownish arenaceous shales and sandstones in 490-1261 
upper part. The lower 200 feet or more of black 
arenaceous shales which weather to a brownish 
color, and brownish sandstones are well exposed in 
the several gullies of Wolf hill. The upper part of 
the hill is mostly covered though here and there 
ledges may be seen. About 200 feet above the base 
of the formation fossils begin to appear in quite 
large numbers and at about 400 or 450 feet they 
become very abundant. Hamilton shales. 

A” Black argillaceous shales with ;dark slightly cal- 300+-(71 
careous sandstones. In a gully in the rear of the 
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formation are well exposed as well as its gradual 
transition to the arenaceous shales of the Hamil- 
ton. The lower 100 feet or more of this formation 
are covered, after that there are about 80 feet of 
black, argillaceous shales, then about 30 feet of 
shales of this character interspersed frequently 
with layers of slightly calcareous, dark sandstone 
above which are 85 feet of dark, argillaceous shales. 
It is rather difficult to distinguish the line of di- 
vision between this formation and the Hamilton. 
At the point where the division has been made the 
shales suddenly become more arenaceous in charac- 
ter though they still retain their black color except 
that when exposed they weather brown. Jarcel- 
lus shales. — 

A massive gray limestone in which large quantities 
of chert may be found in thin layers. According to 
the statement of Mr H. Ingraham, who drilled a 
well through this formation about a quarter of a 
mile south of Clarksville, the upper nine feet are 
entirely clear of chert, below this are 15 feet in 
which the chert is very abundant. In ‘the lower 
part of the formation chert was encountered but in 
rather small quantities. 

There is an outlier of this formation which forms 
the top of the ridge east of the village, and when 
the Oniskethau creek cut through this ridge the 
outlying area was cut off from the rest of the form- 
ation. This outlier was mentioned by Mr Darton 
who noted the infrequency of such outliers in this 
formation.? The measurement of this formation 
was taken at the foot of Bennett rather than Wolf 
hill because the exposure there permitted it to be 
more accurately done. Onondaga limestone. 


Feet 


wv 


85-471 


aigth an, rep’t N. Y. state geol. p. 242. 


A’ 


As 


eAL 


A’ 


NEW YORK STATE MUSEUM 


A dark, impure limestone which weathers to a buff, 
porous sandstone. The erosion of the Onondaga 
limestone has left this formation well exposed at 
Clarksville both at the foot of the upper gorge and 
the top of the lower and fossils may easily be col- 
lected from it. Schoharie grit. 


‘Blackish, arenaceous shales with Spirophyton cau- 


da-galli (Van.) Hall. The upper five or six feet of 
this formation is a very heavy sandstone, somewhat 
calcareous, which seems to gradually pass into 
Schoharie grit. Only that however which contains 


- fossils has been referred to the Schoharie. Hsopus 


shales or cauda-galli grit. 


A brownish black, crystalline sandstone which 


weathers to a light brown porous sandstone. In 
the creek about a mile below the village this rock 
is almost black and at the same distance north of 
it numbers of the weathered blocks may be found, 
while about one mile northeast of the village it 
forms the floor of a terrace from a quarter to a half 
mile in width. Oriskany sandstone.. 

A massive light gray limestone containing many 
fossils among which are large numbers of Aspido- 
crinus seutelliformis Hall. As this formation was 
not well exposed in the line of the regular section, 
the measurement was taken about a half mile north 
of it at Mr Gilbert Kniffens. Becraft or Upper 
Pentamerus limestone. 

A gray, shaly fossiliferous limestone with occa- 
sional beds of massive limestone forming a gen- 
tle slope. On account of the shaly character of this 
formation a good exposure is seldom obtained. An 
exception to this however is mentioned on Shaly 
limestone. 
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A massive dark gray limestone which breaks into 
very irregular blocks. Fossils are not very plenti- 
ful and are very difficult to obtain unless the rock 
has been slightly burned. This formation is not 
as conspicuous here as it is farther north and the 
dividing line between it and the Shaly above is not 
well shown. Pentamerus limestone. | 
Limestone which in appearance and fracture is 
much like the Pentamerus but which contains a 
mixture of the Pentamerus and Tentaculite faunas 
and is transitional between these two formations. 
Dark blue thin bedded limestone which breaks into 
almost regular blocks. Tentaculite limestone. 
Covered by soil. 


PALEONTOLOGY 


Feet 
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The following species were collected from the various forma- 


tions about Clarksville. 


the number complete for any formation. 


A’? Tentaculite limestone: 


1 Tentaculites gyracanthus (Eaton) Hall 

2 Spirifer vanuxemi Hall 

3 Stropheodonta (Brachyprion) varistriata (Con.) H. 
4 Megambonia aviculoidea H. (?) 

0 Leperditia alta (Con.) H. 

6 Chaetetes (Monotrypella) arbusculus H. 


A* Transitional from Tentaculite to Pentamerus 
1 Leperditia alta (Con.) Hall 
2 Spirifer vanuxeni H. 
3 Avicula communis H. 


A? Pentamerus limestone © 


No attempt has been made to make 


(aa) 
(a) 
(r) 


1 Sieberella galeata (Dal.) H. & C.=Pentamerus galeatus 


(Dal.) 
2 Strophonella punctulifera (Con.) H. & C. 


3 Stropheodonta (Brachyprion) varistriata (Con.) H. & C. 


(r) 
(r) 
(r) 
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4 Spirifer vanuxemi H. . 
5 SN. perlamellosus H. | ; (ieee! 
6 Atrypa reticularis (Lin.).Dal. j (r) oe 
7 Uncinulus mutabilis (Hall) H. & C=Rhynchonella muta- fae 
bilis H. | 3 (oa 
8 Rhynchonella semiplicata (Con.) H. : ba a: 
9 Meristella laevis H. - “ee oe 
10 Orthis (Orthostrophia) strophomenoides Hall (?) (rr) 2 x P 
2 ae Sp. 7 3 (rr) 
12 Anastrophia verneuili (Hall) H. & C. (?) (rr) 
13 Favosites Helderbergiae H. . (rr) 
A5 Shaly limestone . v7 
_ 1 Spirifer macropleurus (Con.) H. (aa) | 
PAE SE cyclopterus H. | | (a) 
3 SN. perlamellosus H. (x). 
4 Leptaena rhomboidalis (Wilck.) H. & C. & ae} 
5 Leptaenisca concava (Hall) H. & C. cee Kr (c) 
6 Stropheodonta (Leptostrophia) becki H. | . (a) 
TS: . varistriata var. arata H. ea “) Ser 
8 Eatonia medialis (Van.) H. LNge (r) 
oo: singularis (Van.) H. | ? ie (rr) 
10 Strophonella punctulifera (Con.) H. & C. ipa, (c) 
11 Orthis (Dalmanella) subcarinata H. | 0p as 
12O. (D. ) planoconvera H. ag) cage 
13 O. (D. ) perelegans H. Bae 2h 6 3, 
14 O. (Rhipidomella) oblata H. | (rr). 
15.0. (Orthostrophia) strophomenoides H. : (rr) 
16 Meristella laevis (Van.) Whitfield | Ey 
if Gall & bella H. (?) (rr). 
18 M. arcuata (Hall) H. & C. (rr) At | 
19 Atrypina imbricata (Hall) H. & C. is (rr) 
20 Uncinulus nucleolatus (Hall) H. & C.=Rhynchonella nucleo- 
late, Hi, (rr) 
21 Uncinulus vellicatus (Hall) H. & C. (rr) 
22°U, abruptus (Hall) H. & C. Ry , 
232 U. pyramidatus (Hall) H. & C. . (rr) 


a Collected from Oniskethau creek two miles east of Clarksville. 
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24° Stenochisma formosa (a) H. & C.=Rhynchonella for- 


mosa H. cag ae 
25% Stenochisma altiplicata (Hall) H. & C. A(apes 
26¢Orthothetes woolworthana (Hall) H. & C.=Strophomena 
woolworthana H. (r) 
a 27*Coelospira concava (Hall) H. & CG. (r) 
| 28 Orbiculoidea discus (Hall) H. & C. (?) (rr) 
29 Trematospira sp. Pad (rr) 
30 Avicula communis H. | (r) 
31*Conocardium sp. | (rr) 
32 Dalmanites pleuroptyx (Green) H. ~ | (c) 
33% Phacops logani Hall (?) — - (rr) 
34 Platyceras cf. gebhardi Con. (rr) 
: 35% P, ventricosum Con. . (rr) 
é 067 Streptelasma strictum H. . (a) 
374 Favosites sphericus H. ber | (rr) 
38% Chaetetes (Monotrypella) arbusculus H. | (rr) 
yt ae OP colliculatus H. | , (rr) 
40° Tentaculites elongatus H. (rr) 
41° Ptilodictya nebulosa H. | : (rr) 
42° Fenestella sp. (r) 
43 sLichenalia Sp. | (rr). 
A® Becraft limestone 
1 Aspidocrinus scutelliformis H. (aa). 
2 Stropheodonta becki H. (PEs 
3 Leptaena rhomboidalis (Wilck.) H. & C. (rr) | 
4 Spirifer concinnus H. ae (rr) 
5 Strophonella punctulifera (Con.) H. & C. (a) 
6 Atrypa reticularis (Lin.) Dal. (c) 
7 Orthis (Rhipidomella) discus H. ; (rr) 
890. (R. ) oblata H. (r) 
90. (Dalmanella) planoconvexa H. (?) (rr) 
10° Orthcthetes woolworthana (Hall) H. & C.=Strophomena 
woolworthana i. (rr) 


a Collected from Oniskethau creek two miles east of Clarksville. 
b Collected in the bed of the Oniskethau creek one mile east of Clarksville. 


~S 
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A® Schoharie orit 
1 Strophonella ampla (Hall) H. & C. 
2 Atrypa reticularis (Lin.) Dal=Atrypa impressa H. 
3 Pentamerella arata (Con.) H. 
4 Meristella (Pentagonia) unisulcata (Con.) H. 
5 M. nasuta (Con.) H. 
6 Centronella glans-fagea H. 
7 Orthis (Rhipidomella) peloris H. (?) 
8 O. (R. ) alsus H. 
9 0. (Schizophoria) propinqua H. (?) 
10 Spirtfer raricostus (Con.) H. 
Hal OS. duodenaria H. d 
ha US. fimbriatus (Con.) Bill. 
13 Orthotetes pandora (Bill.) H. & C. 
14 Chonetes hemispherica H. 
15 Cyrtina hamiltonensis H. 
16 Stropheodonta perplana (Con.) H. 
LS: inaequiradiata H. 
18 SV. demissa (Con.) H. 
19 Coelospira camilla H. 
20 Amphigenia elongata (Van.) H. 
21 Cypricardinia planulata (Con.) H. 
22 Conocardium cuneus (Con.) S. A. Miller 
23 Phacops cristata H. 
24 Dalmanites anchiops (Green) H. 
25 Orthoceras zeus H. (?) 
26 a Sp. 
27 Cyrtoceras cf. eugenium H. 
28 Zaphrentis sp. 
(external impression) 
29 Streptelasma sp. 
(external impression) 
Al? Onondaga limestone 
1 Meristella unisulcata (Con.) H. 
2 Leptaena rhomboidalis (Wilck.) H. & C. 
3 Atrypa reticularis (Lin.) Dal. 


(aa) 
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4A. -, spinosa H. (aa) 

5 Pentamerella arata (Con.) H. (c) 

6 Stropheodonta concava H. (r) 
Be Sc tertilis H. (rr) 
8 Spirifer duodenaria H. (a) 

oS. macra H. (?) (tr) 
10 Dalmanites (Coronura) aspectans (Con.) H. | (rr) 
‘11 Phacops cristata var. pipa H. (rr) 
12 Platyceras dumosum Con. ; ! : (¢) 
13 Cyrtoceras sp. . (rr) 
14 Zaphrentis gigantea (LeSueur) Edw. & H. (rr) 
db. Z. corniculum (LeSueur) Edw. & H. (rr) 
16 Fenestella biseriata H. . : (rr) 
At Marcellus shale 

1 Chonetes mucronatus H. | (a) 
2 Glyptocardia speciosa H. (ays 
8 Coleolus tenuicinctum H. (r) 

4 Goniatites discoideus H. (e) . 


(collected from gorge at foot of Bennett hill). 


A™ Hamilton formation 
(found about 200 feet above base of Hamilton). 


1 Lingula punctata H. (?) (rr) 
2 Chonetes deflecta H. (c) 
3 Newberria claypolii H. (?) (rr) 
4 Pentamerella pavilionensis H. (?) (rr) 
5 Camarotoechia congregata (Con.) H. & C=Rhynchonella 
congregata (Con.) H. | (rr) 
A™ Hamilton formation 
(found over 400 feet above base of Hamilton). 
1 Spirifer acuminatus (Con.) H. 3 (a) 
2S. mucronatus (Con.) Bill. (c) 
3 Tropidoleptus carinatus (Con.) H. (rr) 
4 Athyris spiriferoides (Eaton) H. (rr) 
» Chonetes deflecta H. (ce) 
& Strophalosia cf. truncata (Hall) H. & GC. / (r) 
T Pterinea flabella (Con.) H. | (r) 
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& Nyassa arguta H. 

9 Leptodesma rogersi H. 
10 Actinopteria subdecussata H. 
11 Liopteria dekayi H. 


12 LZ. bigsbyi H. 
13 Palaeoneilo maxima (Con.) H. 
14 P. constricta (Con.) H. 


15 Modiomorpha concentrica (Con.) H. 
16 Tentaculites bellulus H. (?) 


5. 
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PREFACE 


Limestones are used for a number of purposes but in the fol- 
lowing report only the chemical uses of the rock, such as its ap- 
plicability to the manufacture of cement, lime, paper making, etc. 
are considered. 

Few states probably contain a greater series of limestone de- 
posits than New York, nor is it probable that in any of them are 
they more favorably situated for working or more easily acces- 
sible, permitting the shipment of the rock in many cases either 


by rail or water. These facts considered in connection with the 


growing use of limestone seem to justify a detailed description of 
the limerocks of New York state in their economic uses, and it 
was with this end in view that the present report has been com- 
piled. : : 

While limestone is used for a number of purposes, one of its 
most important applications in this country is for the manu- 
facture of portland cement and several flourishing portland 
cement factories are already in operation in this state. 

In the course of the work a number of quarries have been 
visited for the purpose of obtaining samples for analysis, and 
about 60 analyses have been made for this report. These were 


- made in part by the writer but generally by Messrs D. H. New- 


land and J. D. Irving. To these analyses have been added all 
those which could be obtained from other sources. 


Geologic and geographic distribution of the limestone forma- 
tions in New York state 
The limestone formations occurring in New York state are 
the: 
Precambrian 
Calciferous 
Chazy 
Trenton 
Clinton 
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Niagara 

Onondaga : 
Lower Helderberg | Mee 
Upper Helderberg 

Goniatite 

Tully 


The most important of these are the Calciferous, Trenton, 
Niagara, Lower Helderberg and Upper Helderberg. The Calcif- 
erous and Niagara sometimes contain sufficient magnesia to be 


called true dolomites and this fact together with the freedom 
from impurities which they exhibit at some localities gives them ~ 


a special usefulness. 
Calciferous. The rock of this formation is frequently highly 


magnesian, and a high percentage of silica is likewise not un- — 


common init. On this account it is sometimes called Calciferous 
sandrock. : 
The Calciferous limestones occur as isolated patches or belts 
in several portions of the state, and show considerable variation 
in character. With few exceptions they are magnesian and in- 
deed may pass into true dolomites. On the other hand they are 


often highly siliceous, so much so as to render them practically - 
-worthless for any of the uses considered in this report. Again 


they may run very low in silica, as near Glens Falls. 
The formation first appears in the southeastern portion of the 
state in Orange co. extending northeastward across the county 


to the Hudson river, and across it through Dutchess into Colum- — 


bia co. 

Another series of belts begins in Westchester co. and 
extends from New York city northward to the county line and 
through Putnam and Dutchess co. to Pawling and beyond.? 
The character of these is mentioned in the county descriptions. 

Another belt of Calciferous limestone extends from Saratoga 
westward through Montgomery, Fulton and Herkimer counties. 
With the exception of the outcrops in the vicinity of Glens 


a These Westchester limestones are probably Trenton in part. 
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Falls the rock in this belt is usually very siliceous and is known as 
sandrock. - , | 9 

In Herkimer, Fulton, Saratoga and Montgomery counties this 
formation underlies a considerable area and often forms cliffs 
along the rivers and creeks. Its normal character is fairly con- 
stant, viz, a light bluish gray, fine grained, massive bedded 
sandy limestone. The weathered surfaces are generally a dirty 
buff. The following localities are noted by N. H. Darton as 
affording good exposures :@ 

About Middleville, Littlefalls and northwestward along the 
fault scarp, on East Canada creek, about St Johnsville, along 
the Mohawk from Canajoharie to the ‘‘ Noses” the quarries at 
Tribeshill along the Mohawk from Amsterdam to Hoffmans, also 
in southwestern Saratoga co. and west of Saratoga Springs. 

According to Walcott® the section of Calciferous near Sara- 
toga involves: : 


Massive layers of steel gray, more or less arenaceous 


MAESCOME. 26s se se ast Sie gra eh ie aR crs A a OH oe 125 feet 
Massive bedded, slightly magnesian, gray and dove 

RMMEDIoS ATTICS CONC toe a6 .Gr oo he c's. olsen ae dee seared 35 
Unfossiliferous, OS compact, more or less siliceous 

Reig Cds ge Re LC a aon ee Okc ae ee iia es hw 8 ete 95 
Darkieray, even bedded limestone. 7.0.3. ee 50 
Mme MIMIC GONE AA. Poe OG ee ec ev So eln sas 30 


Trenton. The Trenton limestones involve several different 
members, viz, Birdseye, Black river and Trenton, the latter being 
the upper one. 

The most southern area is a small patch of impure, fossili- 
ferous limestone along the river road four miles north of New- 
burgh. j 

An important belt extends southward along the Champlain | 
valley, then along the Mohawk to Littlefalls and thence north- 
westward to Watertown. Beds of the same age also occur east 
of Lake Champlain and extend southward into Washington co. 


ai3th Rep’t N. Y. state geol. 1893, p, 418. 
bBull. no. 81, U. S. geol. survey, p.346. 
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In this latter belt they are often metamorphosed or folded, 
but along the lake shore, specially along the margin of the 
Adirondack island of crystalline rocks, the beds are little dis- 


turbed and sometimes highly fossiliferous. The Birdseye rarely — 


exceeds six feet in thickness. It is a pure dove colored to dark 
gray limestone with conchoidal fracture and often containing ~ 
veins of quartz or calcite. 

The Black river limestone also occurs in the Champlain valley 
and is locally known as Isle Lamotte marble. It has a varying 
thickness from 35 feet on Larrabee’s point to 75 feet on Crown 


point and 20 feet at Plattsburg. The stone is ba heavy  _ 


bedded, tough, compact and black. 

The Trenton proper is well exposed at Crown Point, N. Bs i 
where it has a thickness of 150 feet. It is usually thin bedded 
and shaly but contains several beds of purer limestone. 

Beginning at a point about one half mile south of Smiths 
Basin in Washington co. the Trenton limestone extends north- 
ward passing east of North Granville, east of Whitehall which 
lies on the western edge of the belt, then northward in a belt 
from one mile to half a mile wide, past Benson Landing and 
northward into Vermont. The town of Vergennes lies on the 
eastern border of the belt. Another strip of this same rock is 
found farther south in Washington co. extending from a point 
half a mile north of Easton Corners, up to and for half a 
mile north of Argyle. Throughout its extent the rocks of these 
two more or less continuous belts have been highly disturbed by - 
dynamic forces. They are much folded and crushed, and at times 
assume a very slaty structure. The limestone is generally fine 
grained and of a black color, is traversed by numerous veins of 
white calcite and is frequently of high purity. It is mined at 
Smiths Basin and also west of Fairhaven near the Vermont line. 

At both of these localities the stone has been quarried for lime 
making and flux. 

In the Mohawk valley only the Birdseye and Trenton members 
are present. 
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- The Birdseye member is in greater part a fine grained, dove 
colored stone, and weathers light gray, and the beds are gen- 
erally moderately heavy. The exposures are common in the Mo- 
hawk valley and have been quarried at a number of localities. 
Underlying this rock is the Calciferous sandstone. 

According to Darton? the formation reaches its maximum 
thickness at Fort Plain where it is about nine feet thick. It 
then decreases westward to seven feet near St Johnsville. It is 
five feet on East Canada creek, four feet around Littlefalls and 
- to the southeastward, and five to six feet on West Canada creek 
about Middleville, Newport and Cold creek. 

At Ingham Mills the rock is well exposed in Butler's lime 
quarry. At this point nearly 15 feet of a good grade of stone is 
exposed. At Canajoharie the Trenton member of the group ap- 
pears. Excellent exposures occur near Amsterdam and at Glens 
Falls. At this latter locality the quarries are of special impor- 
tance. The Trenton limestone member is found extending east- 
ward from Oneida co. to Glens Falls. At times the rock is 
massive as at Tribeshill, at others it is somewhat shaly. The 
thickness in the quarries at Tribeshill is 12 to 14 feet of massive 
stone. Other exposures also occur in the quarries about Am- 
sterdam and again in quarries two miles northwest of Hoffmans 
where about 20 feet of a soft, highly fossiliferous limestone is 
exposed. th 

A belt of Trenton occurs west of Saratoga and is well exposed 
at Howland’s mill three miles due west—southwest from Sara- 
toga Springs. The section here shows 20 feet of limestone. 

‘At Glens Falls the Trenton limestone is well exposed on both 
banks of the Hudson, and is of much importance, being used for 
building stone lime and portland cement. 

Darton gives the following section of it: 


Thin-bedded black limestones in beds 3 to 8in......... 10 feet 
fiecearnarpie 10:te.141n. beds. 6c005 ts os bd RG Bete 3 


Pie wivale lore beds... 62 oo a oe wc 13 
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Black, massive, fine grained limestone. In floor of — Sao 
. “ r ‘, oe . 
QUART Y Sook Wn hoe 0d Ape ee ee “Ss eete 
Dark gray, fine grained limestone.............0..0205- 25 as 


Black, compact limestones with slaty layers 2 ee 


Trenton limestone. This is found extending up the Champlain - : 
valley with a thickness of 230 feet. It overlies the Chazy. There 
are also extensive outcrops of it around Hoosick Falls but at ps 
this point the stone is apt to be slaty. | 

Quarries have been opened up in the Trenton limestone at Isle _ 
Lamotte, Plattsburg, Larabees point and Fort Frederick on 
Crown point. Sige 

The Trenton rocks also extend westward along the Mohawk 
valley and northward to Watertown. They are quarried at 
Prospect, Oneida, Port Leyden, Boonville and Watertown. The — 
Trenton limestone formation is dark gray to black and is often 
fossiliferous. | . we : 

The central part of the Trenton formation is apt to be shaly in 
places while the lower member known as the Birdseye limestone 


is massive and heavy bedded. The upper part of the Trenton 


formation or Trenton limestone proper is a lighter gray lime- 
stone and finely crystalline in its nature. This member is quar- 
ried at Prospect. 

Chazy limestone. The Chazy limestone first appears at Saratoga 
and extends northward along the Champlain valley to Montreal. . 
The area is probably a continuous one though not exposed at 
all points. The most prominent exposures of the Chazy are in- 
the quarries of the Chazy marble lime co. and William Coss, and | 
at Grand Isle. The rock is a gray, subcrystalline limestone, and | : 
affords an excellent lime. The average thickness of the forma- 
tion according to Brainerd and Seely is about 700 ft. The char- 
acter of the stone is quite uniform. Large quarries have also been 
opened in the Chazy on Willsboro point, Essex co. 

The Chazy limestone is not found in the Mohawk valley and 
thins out in the central and western part of the state. 
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An analysis of the Chazy limestone from the quarry of the 
Chazy marble lime co. at Chazy, shows the high degree of purity 
of this limestone which is used in the manufacture of lime. 
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Niagara limestone. In Schoharie co. we find the eastern end: of 
this formation. Its thickness is not more than five feet and it is 
usually a dark gray massive limestone. An exposure of it can 
be seen at Howe Cave just below the cement quarries of which 


it forms the floor. 


The Niagara limestone also appears in Oneida co. north of 
Clayville and extends westward with increasing width to the 
Niagara river. 

In Wayne co. in the town of Butler® it is a dark blue, fine 
grained compact limestone and is usually thin bedded. It has been : 
used at this point for burning lime. 

Other occurrences are at Rose on the head waters of Sheldon 
creek and in the towns of Marion and Walworth. It has been 
quarried at many points in Wayne co. for the manufacture of lime. 

‘In Monroe co. the northern edge of the limestone passes 
through the towns of Penfield, Brighton, Gates, Ogden and 
Sweden. The outcrops at these points generally represent the 
beds of the upper magnesian member and its weathered surface 
presents a characteristic spongy appearance. | 

The Niagara formation presents two types of lime rock. The 
one a dark gray subcrystalline stone which is used for lime and 
building purposes, the other a gray-brown, crystalline rock with 
numerous cavities and containing a high percentage of magnesia. 


aDarton’s Helderberg limestones and associated formations in eastern New York, 
13th an. rep’t N. Y. state geol. 1898, p.218. 
bHall. Geol. 4th dist. p.84. 
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The area in which the Niagara limestone is found is more re- 


stricted than that of most of the other limestone formations of 


the state. The upper member of this formation is known as the 


Guelph limestone but is not coextensive with the lower member. 
It forms a lenticular bed about 20 miles long and extends from 


Rochester westward. In the vicinity of Rochester quarries have | 


been opened in it at New Brighton and Gates. As exposed in 
these quarries it is a grayish brown, finely crystalline limestone 


containing numbers of small cavities. The peculiar feature of — 


this rock is that it contains a large amount of magnesia and a 
very low silica percentage, making it very adaptable for use in 
the lining of bessemer converters. 

Helderberg limestones. These include several distinct members 
which are known as the Tentaculite, water lime, Pentamerus, 
Catskill shaly, Becraft and upper shaly limestones. 

The formation is a widely distributed one within the state and 
of considerable economic importance, containing the hydraulie 
limestones which are so extensively developed at Rosendale near 
Kingston in Ulster co. and through the western part of the state. 

Its members enter the state at the southeastern corner just east 
of Port Jervis, New York. They then follow up the southeastern 
side of the valley of Neversink river, Basherkill, and Rondout 
creek. Throughout this whole distance the limestone rests on the 
Shawangunk grit which forms the crest of the Shawangunk moun- 
tain. From Kingston the same formation extends northward past 
Catskill te New Baltimore where it then swings to the north- 
west, extending as far as New Salem in Albany co. At this 
point it becomes very narrow but appears again as a some- 
what broad belt just west of Meadowdale in the same county 
and then extends westward as far as Central Bridge in 
Schenectady co. and from there in a slightly northwest direc- 


tion past Sharon Springs, Dennisons Corners, Oneida, Syra- 


cuse, and westward to Niagara Falls. Up to Dennisons Corners 
the formation though of considerable thickness does not cover a 
very broad belt owing to the perpendicular escarpment which it 
forms, but its thickness remains about the same from Syracuse 
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westward to Buffalo,-and the elevation of the escarpment de- 
creases. 

As the Helderberg.limestones are of considerable thickness in 
New York state it may be well to mention them in detail. This 
can be best done by quoting from the report of Mr N. H. Darton.% 

The Helderberg limestones attain their greatest development 
in eastern New York, and the thickness reported by Davis of 


about 300 feet in the Catskill region igs the maximum. They 
thin gradually southward in New York, but expand again in New 


Jersey. In the Helderberg mountains they are 200 feet and at 


Schoharie not over 240 feet. Westward from Schoharie the 
thickness decreases very gradually. The members constituting 


the formation in its typical development beginning at the top 


are, a pure semi-crystalline, massive, very fossiliferous limestone, - 
a ‘thick series of shaly limestone, and the basal series, thin 
bedded dark limestones of the Tentaculite beds. On Catskill 
creek a higher member of impure shaly limestone comes in above 
the pure, massive beds, thickens rapidly and continues south- 
ward to and through New Jersey. The Helderberg formation 
preserves its typical characters with some local variations in 
thickness to a few miles west of Cherry Valley. Then the upper 
limestone beds thin out and on the road from West Winfield to 
Litchfield in the southwestern corner of Herkimer county the 
Pentamerus beds lie directly under the Onondaga limestone. 
The upper members of the Helderberg limestones which come in 
again westward and are finely exposed at Oriskany Falls.?_ 
Here 120 feet of beds are exposed in and about the quarries, of 
which 50 feet are quite distinctly of the Tentaculite beds, 40 
feet of gray beds in greater part of Pentamerus limestone age, 
but merging into the character of the lower beds, a few feet of 
beds with mixed Pentamerus and shaly limestone fauna and at 
the top 25 feet of gray subcrystalline rock containing a shaly 
limestone fauna. 25 miles west of Perryville, Madison co. 
this condition has continued, the lower members expanding ap- 
parently at the expense of the Pentamerus beds and the upper 
members giving place to Pentamerus beds. At this locality the 
Onondaga limestone was seen lying on a few feet of dark gray 
limestones containing Pentamerus, with a thin local intervening 
layer of Oriskany at one point, which gave place to a great mass 
of thin bedded gray limestone below. 


a Report on the relations of the Helderberg limestones and associated formations in 
eastern New York. 13th an. rep’t N. Y. state geol. 1893, p.204. 

b See also S. G. Williams. The westward extension of rocks of the Lower Held- 
erberg age in New York, Amer. jour, sci. 3d series, 31:139-45; Abstract Am. ass, adv. 
sci. Proc. 34:235, 236; Amer, nat. 1886, 20:373. 
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The Salina formation which is such a prominent member of | 


the series in central and western New York, thins rapidly east- 
ward and is finally represented by an attenuated development of 
its upper members. This representative is the waterlime series 
which is more or less continuous through eastern New York, 


northern New Jersey and Pennsylvania. In the country of the 


Helderberg mountains it is not always recognizable and when 
present is often not over a yard in thickness. About Rondout 
and Rosendale it comprises thick beds of valuable cement rock 
and at Howes Cave there is also a cement bed of workable thick- 
ness. 


The Onondaga limestone. This is the limestone series which 
is usually termed the ‘ Corniferous” by many writers, but by 


others the upper member of the series is termed “ Corniferous ” 
-and the lower member “Onondaga.” As both members are | 


cherty the term Corniferous implies a contradistinction which 
does not exist, and it has been proposed by Prof. Hall to 
revive the term “Onondaga” to comprise the entire series. 


It is a well-known name in western New York where the beds — 


are extensively quarried, and the formation is typically devel- 
oped in the Onondaga region. As the name Salina has been 


finally adopted for the salt and gypsum group of the upper Si-— 


lurian there need be no confusion attending the general use of 
“Onondaga ” for the limestone as proposed. 

The subdivisions of the Onondaga group gradually lose their 
physical and faunal characteristics in eastern New York and the 


formation is in greater part a bluish gray subcrystalline, mas- 


sive limestone with lenticular masses of chert in courses and 


irregularly disseminated. Darker colors occur locally, notably — 


in the upper beds about Peoria (West Berne) which are very 
dark and coarsely crystalline. The chert is predominant in the 
upper beds but it is usually present also in the lower beds. In 
places it is an inconspicuous feature but this is not often the 
case. Thin partings of shale occur rarely. About Saugerties 
the lower portion of the limestone is shaly and weathers buff. 
About Clarksville the lower members are very pure, free from 
chert and regularly bedded. 


~ 
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- In Greene and Ulster counties particularly the outcropping 
edge of the formation is characterized by a fringe of very large 
diseonnected blocks occurring at various intervals. In some 
cases these klocks lie several hundred yards from the edge of the 
outcrop. ; 

Helderberg limestones. The members comprised under this 
name are the Upper shaly beds, the Scutella or Upper Pentam- 
erus beds, the Lower shaly or Catskill shaly beds, the Pentam- 
erus beds and the Tentaculite beds. These members preserve 
their distinctive characters throughout the region to which the 
report relates though there are occasional slight local variations. 

The so-called Scutella beds are the uppermost member south- 
ward to near Catskill. They are light colored coarsely semi- 
crystalline massive bedded, highly fossiliferous limestone 


blotched with calcite replacement of fossils, of which the most 


conspicuous is the so-called Scutella. These are the cups or pelvis 
of a crinoid, having a diameter in greater part from one to two 


inches, and the white calcite of which they consist contrasts 


strongly with the light bluish gray of the containing limestone. 


- In the Schoharie region where these cups characterize the lower 


beds of the member, the overlying layers have been called the 
upper Pentamerus beds from the fossil P. pseudogaleatus which 
they contain and this name has been employed to some extent 
to comprise all the beds. In the eastern extensicn of the 
formation the distinction is lost. About Catskill, Davis desig- 
nates the lower. layers the “ Encrinal ” and the upper layers the 
“Upper Pentamerus” limestone. Owing to the inappropriate- 
ness of the. name Scutella and the varying significance of the 
other names that have been employed, the geographic name of 
Becraft limestone has been suggested by Prof. Hall. The 
name is from Becraft mountain in Columbia co. where the 
rock is typically developed. The Becraft limestone has a thick- 
ness of 10 to 15 feet near Schoharie and the amount does not 
vary greatly eastward to the Helderberg mountains and by 
Clarksville, Aquetuck and Coxsackie. Thence it increases 


rapidly and Davis reports a thickness of 120 feet below Leeds, 
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the upper 10 feet consisting of impure and sandy or shaly layers. 


There are as Davis suggests many local slips in this section and © 
my estimate of the thickness of the purer limestone would be 


tT) 


about 60 feet. | 

“In the Rondout region the Becraft limestone is 40 feet thick 
and the upper shaly beds 100 to 150 feet thick. In the ridge just 
east of Whiteport there are 30 feet of Becraft limestone.” About 
Rosendale and southward no exposures have been noted by 
Darton. ‘“‘ Underlying the Becraft limestone throughout are the 
lower shaly beds consisting of thin-bedded, impure, highly fos- 
siliferous limestone with some shale beds.” At some localities 
though, as for instance westward on the Foxkill above Gallup- 


ville, it is in greater part a massive, relatively pure limestone. _ 


In Greene and Ulster counties it has the character of the upper 
shaly beds, with a more or less slaty cleavage and outcropping 
in ragged ledges, in some cases closely resembling the lighter 
colored outcrops of the Esopus slate. Its thickness from Scho- 


harie eastward is about 80 feet, and there and elsewhere in the © 


great Helderberg escarpment it constitutes a steep slope between 
the Scutella and Oriskany shelf above the Pentamerus escarp- 
ment below. Its thickness apparently decreases somewhat in the 
Kingston-Rosendale region but it retains its characteristics. 

The Pentamerus or lower Pentamerus are the most conspicu- 
ous members of the lower Helderberg formation. They give rise 
to the great escarpment which marks the eastern edge of the 
Helderberg formation as it passes along through central New 
York. 

The beds are mostly hard, massive bedded and vertical 
jointed limestones. The rock is generally bluish gray in color 
but weathering imparts a lighter tint to the surface. Partings 
of slate occur occasionally as well as lenses of chert, specially in 
the east and south. 3 


The Pentamerus limestone is a quite uniform member and its 


thickness does not vary greatly. “At Schoharie its thickness is 
between 60 and 70 feet, in the Helderbergs it is the same and a 
trifle more about Catskill (80 feet according to Davis), 50 feet at 
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Saugerties, 30 to 40 feet about Rondout, 70 to 100 feet about 
Rosendale, the maximum being in the ridge just northwest of the 
village. The Pentamerus beds are quite sharply demarked from 
those above and below them.” ; 

The finest exposures of the Pentamerus ledges are in the great 
escarpment of the Helderberg mountains near the Indian Ladder 
where they rise in great cliffs surmounting steep slopes to an 
altitude of 700 feet above the plain lying to the north and east. 

The Tentaculite beds are thin bedded dark blue limestones, 
lying below the Pentamerus beds, and usually constituting the 


base of the Pentamerus escarpment or lying beneath its talus. 
The beds vary in thickness from an inch to a foot in greater part 


_ but two or three inches is the average. 


The Tentaculite beds have a thickness of 40 feet at Howes 
Cave and Schoharie, somewhat less in the Helderberg mountains 


and from 30 to 40 feet through the Catskill and Kingston regions. 


In the Rosendale region the amount is less. 


‘here are several outliers of the Helderberg limestone of which 
an important one is Becraft mountain. 
Salina waterlime. The attenuated eastern extension of the 


great Salina formation is of variable character and thickness 


and may not be continuous throughout. Locally it consists of 
heavy beds of cement rock but generally it is composed of thin 


_ beds of more or less impure cement intercalated with thin bedded 


limestones of varying character. 


The cement beds attain their greatest development around Ron. 
dout and Rosendale where they are extensively worked. The ce- 
ment rock is a blue black, very fine grained, massive bedded deposit 
of calcareous magnesian and argillaceous materials and is of some- 
what variable character and composition. The rock produces a 
cement of good quality only when the components bear certain 
relative proportions to each other. A characteristic feature of the 
rock is the light buff hue to which it weathers on the surface. At 


_ Rosendale there is a 21 foot bed of the cement at the base of the 


formation, then from 12 to 15 feet of mixed impure cement and 
limestone beds, then another cement bed 11 feet in thickness. 
Above these are the Tentaculite and Pentamerus. 

These cement beds with some variations in thickness, and 
many in character, extend over a wide area from north of 
Whiteport through Rosendale to beyond High Falls, outcrop- 
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ping in a belt about eight miles long and two and a half wide. — A 


At High Falls there is an upper bed of cement 15 feet thick and 
a lower bed five feet thick separated by three feet of impure 
limestone. At Whiteport the upper cement bed is 12 feet thick, 
the lower from 15 to 20 and the intervening limestone 10 feet in 


thickness. How far they may extend under the overlying rocks to 


the westward is not known and their southern termination has 
not been explored. To the northeast the cement thins out 
rapidly and gives place: to impure cements and limestones, but 
it thickens again rapidly in the Rondout region. At Rondout 
there are two cement beds, the lower one is 22 feet thick and the 
upper five feet thick with three feet of limestone and cement in- 
tervening. Northwest the lower cement bed thins. : 


Origin of limestone 


Most limestones are of marine origin, few of them being fresh- 
water deposits. They result generally from the accumulation on 
the ocean bottom, of the calcareous remains of marine organ- 
isms, such as the shells of mollusks, the cases of foraminifera, 
Skeletons of corals, etc. These are sometimes plainly apparent 
in the limestone, but very often the shells become comminuted 
before settling on the ocean bottom, or they may be broken by the 
_pressure of other material deposited on them, so that not in- 
frequently limestones show no trace whatever of organic re- 
mains. Limestones of great purity have generally been. de- 


posited in the deeper portions of the ocean, far enough away | 


from the shore to prevent their contamination by siliceous or 


argillaceous sediments brought down to the sea by rivers. The 


varying intermixture of such classes of material with the cal- 
careous mud results in the formation of all grades of rock be- 
tween a limestone and sandstone on one hand, and a shale on 
the other. A siliceous limestone is one with siliceous impurity, 
which if the silica predominates is called a calcareous sand- 
stone. In the same way we may have a shaly or argillaceous 
limestone or a calcareous shale. 3 

Limestone may also be formed chemically, viz, by the deposi- 
tion of a calcareous deposit from waters having carbonate of 
lime in solution. 
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Composition of limestone 


calcitic and consists of 56% of oxid of lime and 4474 daeboute 
calcite and consists of 56% of oxid of lime and 44% carbonic 
acid. It rarely occurs perfectly pure as the impurities seldom 
get below 1%; they may also increase to such an extent as to 
prohibit calling the rock a limestone. The impurities commonly 
present are silica, alumina, iron, magnesia and organic matter. 
’ Traces of sulfuric and phosphoric acid are also met with. 

The silica may be present as pure quartz or combined with 
the alumina in the form of clay, and less frequently as an ele- 
ment of silicate minerals such as mica, hornblende or pyroxene. 

It may practically be looked on as an inert impurity dis- 
placing so much carbonate of lime. At high temperatures how- 
‘ever when the carbonic acid has been driven off and oxid of 
lime left, the silica will flux this lime with great eagerness. 
Alumina is usually present as clay. . With an increase in the per- 
centage of the latter limestone passes into cement rock. If 
present to the extent of 4% or 5¢ alumina is an inert im- 
purity like silica, but when present in larger amounts it facili- 
tates the expulsion of the carbonic acid gas. The reason for 
this is that clay contains chemically combined water which only 
passes off at a red heat or at the same time as the carbonic acid — 
gas. This provides an atmosphere of watery vapor into which 
the carbonic acid gas escapes quicker than it would if passing 
off into gas of its own kind. ; 

Iron and alkalies if present in appreciable quantity render the 
limestone more easily fusible, and may necessitate the handpick- 
ing of the burned rock to*separate clinkers. 

Magnesian limestones are known as dolomites when the per- 
centage of magnesia is 20 or over. The rock may have special 
uses, but when in smaller amounts as 2 to 124 it is to be looked 
on as displacing equal quantities of carbonate of lime and for 
certain purposes as a deleterious impurity. 

_ Organic matter is rarely absent in limestones and a very small 
* amount may impart a gray or even black color to the rock. 
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when only : a few Bas a “aie are used, at becomes an ‘aoe 
item when the consumption of a given. stone by one works is 8 200— 
or 350 tons a day. 


The former when burned falls to pieces in water with the vale = 
tion of heat or slakes. The latter when burned does not slake e but | 
forms a hard mass on the addition of water. - ee x = 


Uses of limestone oa: a ae 


Furnace flux pes s' ee 


This.is one of the commonest uses of limestone. It is used as Se 
a flux for both lead and iron ores. In the blast -furnace - the a = ae 
action of the limestone is to reduce the iron to its metallic state _ = 
and also flux the impurities which pass off as slag. 3 ie 

The purer the limestone the more efficient will be its action = = 
and the cheaper its use, for it will be easily seen that the greater . = 
the percentage of impurities the more limestone will be required — 


to do the same amount of work. | = 
For reasons of economy blast furnace operators often use less ee 
pure but more easily and cheaply obtained limestones. so8 =e ze 


giving the value of limestone containing varying amounts of = 
silica, lime and magnesia. The basis of the calculation is mag- re 
- nesian limestone at 56c a ton and fuel at $3.50 a ton, both at the er 


Some time ago a table was prepared by Mr J. M. Hartmann* e Se 


furnace. 


a Mineral resources of U. S. 1883-84, p. 670. ie Pa oe: 
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Limestone in excess purifies the iron from sulfur and also pre. 
vents the reduction of the silica to silicon. 


Manufacture of basic steel 
In the basic or Thomas Gilchrist process the furnace or besse- 
mer converter is lined with some basic material (that is material — 
containing little or no silica) such a magnesite or dolomite. In 
this country the latter specially is used. Two things are required 
of the dolomite, viz, it should contain as high a percentage of 
magnesia as possible, and it should not have over 14 or 24 of 


_ total fluxing impurities. It is specially important that the silica 


percentage should be low, under 4% is possible. At high tem- 
peratures the lime or magnesia will eagerly unite with any silica 
present, and as this action is equivalent to corrosion of the 


lining, any additional percentage of silica will materially 


affect the life of the lining. Pure dolomites are rare and when 
found are not always in easily accessible localities, but in this 
state two different bodies of nearly pure dolomite are known, the. 
one at Sing Sing and Tuckahoe, Westchester co. the other at - 
Rochester, Monroe co. 

For use the dolomite is first burned to the sintering point and 
then ground and mixed with tar or other material to hold it | 
together and permit molding. : 

The lime used in basic bessemer converters likewise has to be 
of great purity, and the stone must be of such a nature that it 
will burn to a lumpy and not a powdery lime, for if the lime 
were added to the converter in the form of powder the strong 
blast would quickly eject a large portion of it. 


Sulfite pulp 
This is a superior grade of wood pulp which is made by the 


paper manufacturers. In the production of it considerable quan- 


tities of both dolomite and limestone are used. The following 
description has been kindly furnished to me by Mr T. A. Howard 
of the Vermont marble co. 

The broken stone is thrown into cylinders, eight feet in diame- 
ter and 20 to 160 feet high. When the tubes are full, fumes of 


sulfur are led into the bottom and water allowed to trickle 
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down from the top. The stone thus becomes slowly dissolved 
and the liquor is drawn off into storage tanks. This solution is 
used to “cook” the wood. The latter is cut into chips one to two 
inches long, and put in a digester holding seven or eight cords 
of wood. The liquor is also introduced and the mixture heated 
by steam is under pressure for several hours. The sulfite of 
lime or magnesia removes all the pitch and everything except 
the wood fibres, and at the same time removes all discoloration. 

Some manufacturers claim that the liquor can be made faster 
and stronger by*the use of dolomite, and in order to get it they 
sometimes go 10 or 12 miles from a railroad. When limestone is 
used the cylinders generally seem to be made higher. 


Inthographing 

Lithographic limestone is a somewhat impure, very fine and 
even grained limestone. It is not only rare but valuable. The 
requirements are sufficient porosity to absorb ink and softness 
enough to permit working with an engraver’s tool. 

The chief supply thus far has come from Solenhofen, Bavaria. 
It has been reported from various localities in this country but 
never from New York state. 


Carbonic acid gas 
Considerable nearly pure dolomite has for some time been 
shipped from the quarries at Pleasantville, Westchester co. N. Y. 
for the use of soda water manufacturers. The stone is ground 
at the mines almost to the fineness of granulated sugar. From the 
grinder it passes into hoppers whence it is fed automatically 
through tubes into barrels for shipment. 


Inme 
When limestone is burned, that is when it is raised to a red 
heat, it is dissociated into lime oxid and carbonic acid thus: 


CaCO, ass CaO + CO, 
limestone or lime oxid carbonic acid gas 
lime carbonate quick lime carbon dioxid 


caustic lime 
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The carbonic acid gas passes off and the oxid of lime remains ae = 


behind as a white powdery or lumpy substance but may be more 


or less colored if iron is present. 


As limestone varies in composition the lime will also-but the Se ; 


percentage of impurities in the lime will be nearly twice what _ 


they were in the limestone for the latter has lost 46% of carbonic 
acid gas. a 3 oe 
_ Depending on the amount and nature of the impurities present 


& 


we may divide natural and artificial limes suitable for mortar 
into five classes :@ 
1 Common or fat limes ja 
2 Poor or meager limes | [| ot ae er 
8 Hydraulic limes ; ; i ee 
4 Hydraulic cements , 
5 Natural pozzuolanas 


The common or fat limes contain less than 10% impurities, and 


a portion of the latter are insoluble in water, all the rest of the 
lime being soluble. They do not harden under water but crum-— 
ble or slake and increase in volume sometimes threefold. They 


shrink in hardening and to prevent this sand must be added. 

Poor or meager limes have from 10 to 25¢ of impurities or 
sometimes even 394. ; | 

Hydraulic limes are of three kinds: 

1 Slightly hydraulic ones with 10 to 20¢ of impurities. 

2 Hydraulic limes with 17 to 24% impurities 

3 Eminently hydraulic limes with 20 to 35¢ of impurities. 

All hydraulic limes harden under water. Hydraulic cement is 
an artificial product. It has less lime than the other classes, but 
not under 292. 

Natural puzzuolanas are rocks of igneous origin. They possess 


- hydraulicity and generally contain less than 10% of lime. 


It is of course possible to find all intermediate grades between 
limes and cements. 


aGilmore, On limes, hydraulic cements and mortars, p. 69. 
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Slaking. When lime is placed in water the oxid unites with 
the water and hydroxid of.lime is formed. This is accompanied 
by the evolution of heat and an increase in volume. Fat limes 
slake very fast and produce more heat than lean ones. Lime will 
slake even in the air by the absorption of moisture. If not used 
immediately it should therefore be protected from the atmosphere 
as much as possible. 

Lime may be slaked by putting the lumps in water for a few 


_ minutes and then withdrawn and packed away to allow the lime 
- to change to powder. The common method usually employed 


in building operations is to mix the lime with water in a box. 


-Too much water makes it thin and injures its cohesive strength. 


If the water is added in part and the rest later, the lime becomes 
granular and lumpy. 

After slaking sand is added to the lime to make mortar. Ac- 
cording to Gilmore? the lime forms both silicate, carbonate and 
hydrate, and the crystals of these compounds interlock with the 
sand grains, thus binding the whole together into a solid mass. 
In the course of time all the lime changes to carbonate, but this 
change may take a number of years. 


Slaked lime is used for a variety of purposes. Its chief use | 


is for mortar. Quicklime is a very strong base; it displaces car- 
bonates of the alkalies and serves therefore for the manufacture 
of caustic of potash and caustic soda. It precipitates magnesia 
from solutions of salts, and has a use in the manufacture of am- 
monia from ammonium chlorid. With chlorin it forms chlorid 


of lime, and with other acids various salts of lime. In the 


manufacture of illuminating gas it serves to purify the gases 
from carbonic acid and hydrogen sulfid. It is used in the 
manufacture of soda and in the extraction of sugar from beet 
juice. In candle manufacture it is used to saponify the fats, in 
tanning to remove the hair from the hides, in bleaching, and in 
dyeing, as a disinfectant; it is also used to treat cryolite in the 
manufacture of alum and in the production of fertilizers. 


aOn limes, hydraulic cements and mortars, p. 299, 
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For the manufacture of lime many different types of limerocks— Reet 


are available, those only being excluded which are contaminated 
with clay, for this latter substance often affects their most im- 


portant properties. It is only in later years that the applica- a 
bility of limestone with a large amount of clay has been recog- — 


nized. 
The lime made from pure or nearly pure limestone may be 


called air-lime in contradistinction to hydraulic lime made from 


aluminous or clayey limestones. 

As before stated pure limestone consists of 56% of oxid of 
lime (CaO) and 44% of carbonic acid. The change from car- 
bonate of lime to oxid of lime occurs during the burning, the 
carbonic acid being driven off at a higher temperature. In this 
process the lime loses about 44% by weight. . 

As it is generally in a somewhat moist condition when it is 


put into the kiln, due to water in its pores, the loss in weight 


may be still greater than mentioned above. 

The percentage of moisture in limestone is very variable and 
depends largely on the hardness and density of the rock. The 
denser a limestone the less porous it will be and the lower will 
_ be the percentage of quarry moisture in it. | 

The looser or more spongy it is the more moisture will it ab- 
sorb. Marl or chalk may be looked on as the loosest form of 


limestone and in them the moisture may reach 36% or 404, and in — 


marls and bituminous limestones the loss in burning may be still 
farther increased by driving off organic matter. 

A dense limestone is much harder to burn than a loose ee 
one, and requires more fuel, but this increased consumption is 
more than made up for by the quality of the lime obtained. 

In a clean, dense limestone the percentage of quicklime may 
be 54% while in a bituminous one it may only amount to 30 or 
35%. 

In addition to the decrease in weight in burning the limestone 
also decreases somewhat in volume as much as 12 to 21% but 
usually 16 to 184.¢% 


aC. Schoch. Die Aufbereitung der Mortel-materialien, p. 57. 
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In burning it is important to observe that the temperature re- 
mains as constant as possible and varies only between certain 


limits. When limestone is overburned, the lime made from it 


Slakes slowly and incompletely. In the case of limerock with 
clayey impurities a sintering is very apt to occur and this should 
in all cases be strictly avoided. : 

It is true that the higher the temperature is within the per- 
missible limits the denser will be the lime. On the other hand 
the temperature must not get too low, as in this case any large 
pieces of limestone that may be in the kiln will not become 
thoroughly burned. The unburned core resulting from under- 
burning makes the lime lean. To avoid such an occurrence as 
far as possible it is advisable not to put too large pieces into 
the kiln. 

The burning should a as rapidly as possible for if the 
limestone is subjected too long to the highest heat of the kiln the 
lime will be of inferior quality and will slake more slowly. 

Limestone begins to lose its carbonic acid gas at about 750° 
F. but all of it does not pass off probably till the temperature 
of 1300° to 1400° F. is reached. 

Limestone should never be burned with a coal running high in 
sulfur as the latter unites readily with the lime forming cal- 
cium sulfate. 

This sulfate of lime reacts subsequently with the aid of 
moisture on any alkalies that may be present, with the formation 
of alkaline sulfates, which being soluble are often brought to 
the surface after the lime is in the wall and cause the oe : 
white coatings on bricks. | 

The lime thus’ obtained by the burning of limestone is a 
white, amorphous, more or less dense mass with a specific 
gravity of 3.09. It is infusible. Lime weighs from 1400 to 1800 
lb. a cubic meter, the variation in weight depending on the 


density of the original rock and the degree to which it has been 
‘burned. Dense stone gives a denser lime. 


Quicklime is a strong base and absorbs water with the great: 
est avidity. In water it forms a milky liquid known as milk of 
lime. 
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Lime in its normal condition and when dry is totally unaffected te 3 
by carbonic acid gas but when heated takes it up rather quickly. — a 3 
The addition of water to lime can be done in a variety of ways, ae 
according to the degree of slaking that is to be brought abouLarrn 

If a lump of quicklime is immersed in water for. an instant Vg oat 
saturates itself at once with the former, and this absorption is 
accompanied by the evolution of heat, a swelling and bursting © 
of the lime, and the latter finally falls to a fine powder, the 
hydrate of lime Ca(OH). The chemical action which has taken —_ 
place is expressed by the following formula. sees Eons 


CaO + H,O = (Ca(OH), 


This method of hydration is considered to be better than pou 
ing the water on the lime. 

The hydrate of lime thus obtained is a fine white powder of a 
specific gravity of 2.1. Its water of hydration is pretty firmly 
combined and is only driven off by reheating to redness. 

On the other hand quicklime can be made by adding the lumps 
of lime piece by piece to the water till a strong paste is formed — x . 
by stirring the mass. The stirring is specially necessary in the © a 
case of lean limes. | aS 

In order to assist the slaking of such lean limes it has been 
found advisable to use only one third the necessary amount of 
water at first and add the other two thirds later on. Again, as — 
the lean lime gives out much less heat it is well to keep the mix- 
ing pan covered in order to prevent its escaping. Lean lime also 
slakes better if a certain amount of fat lime is worked in with 
it. The latter has a sort of contact effect on the former, which. 
is effective and rapid. This method is a good one to follow in 
using overburned lime. 

An excess of water in slaking is undesirable, as it only tends to 
lower the temperature of the mixture. It is sometimes desirable 
to use hot water. : 

The hydration of lime powder or slaking to a pasty mass must 
be carried out very carefully, as otherwise, specially in the case. 
of overburned lime, some unslaked particles will remain, which 
may slake later and make themselves unpleasantly prominent. 
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~ 


During the slaking process the lime absorbs a large quantity 


of water. It swells up and gradually forms a stiff paste, the 


- more so, the purer the limestone and the fatter the lime. 


_ With careful slacking, 1 cubic meter of fat lime gives 2.7 cubic 
meters and 1 cubic meter of lean lime gives 1.8 cubic meters of 
paste. 


and is also drawn off while the slaked, pasty mass is allowed to 
stand in the pit to insure thorough slaking of every particle. 

In the pits lime will hold itself for a long time without change 
provided it is properly protected from the air. 


~The damp lime paste absorbs carbonic acid greedily with ie 


formation of carbonate of lime, which solidifies. The crust of 


: calcium carbonate which forms is very thin but it prevents the 


action from continuing farther in the mass. 
The solidifying action of the lime alone is of little pnoreaec 
and becomes of value only when sand is added. The use of the 


sand prevents large masses or lumps of the lime from collecting 
in any one spot and not becoming thoroughly converted into the 


carbonate. 
; USES OF LIME: 


Sugar manufacture. Much lime is used in the manufacture of 
beet sugar and here again the raw material must be of the proper 
composition. Both clay and sand are injurious impurities as 
they increase the loss in lime in making the limewater and the 
clay also introduces alkalies into the sugar juice. The sugar 
manufacturer considers that every part of insoluble matter 
means a loss of three to four parts of carbonate of lime. When 
therefore a limestone containing 95% carbonate of lime is paid 


The excess of water is gotten rid of in part by evaporation 


/ 


for as if containing 100%, a stone with 852 should only be paid - 


for as if containing 60 to 70%. If the lime is to be used for sepa- 
ration the presence of much magnesia is injurious for the reason 
that it will not unite with the sugar as the lime does, forming 
a monosaccharate of lime which is essential before precipitation 
takes place. Consequently a large amount of magnesia hydrate 


in the lime necessitates the use of so much more of the latter 
_and may also cause loss in sugar. 
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A limestone to be used in sugar manufacture must not haye 


more than 254% alkalies. | 
The following are analyses of limes used by German beet sugar 
manufactures. (Thonindustrie Zeitung, 1897 p. 1165) : 


Cad re oe MgO Na20 Has SO, 
Lamhamn, Sweden... 2° -9).°60°" (1762-9: 79 3 | 
Plymouth, Eng....... 95.22 2.44 : 
Goon, Ger: (2). 42 -° 89.82 798. 404 ees : 
Gr. Kunzendorf, Ger.. 96.66 1.10 .86  .05 
Ober-Kaufiung, Ger... 97.72 1.20  .70 .06 15 
Kosen, Gers. 204i 2. 97.00) 1252) 2. OF 
Osterwiek .. 2. 0c... 932065 25.8 | pees 
aiken 22S re 90 127 20 SSO eee 
PMEZOMUOEL #2) sees 89.04 8.80 1.24  .05 much much 
Orneres se che 18,94 18200 2.94 ~ 206 
Riidersdorf.......... 94516 3° 22008 F74s 2 aS 


It will be noticed from the above analyses that in most of the 
samples the percentage of lime is over 90% though in some it is 
under 80%. Another noticeable feature is the low percentage of 
both magnesia and alkalies, specially the latter. One shows the 
presence of much H.S and another of appreciable amounts of 
SO. 

“It is the custom for beet sugar manufacturers to burn their 
own lime for the reason that the carbon dioxid gas is also used 
in the process. 

For the production of the best results it is therefore important 
that the limestone should be of proper quality and the burning 
conducted in the right manner. 

Silica is a deleterious impurity as it not only causes the stone 
to fuse but also lowers the amount of lime and carbon dioxid 
produced from each ton of stone used. This latter point is of 
course true with regard to any other impurities which may be 
present. 

Too little fuel should also be avoided as it decreases the 
amount of CO, produced. 
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The stone used should be compact and hard. An excess of 
moisture, as 5% or over, should not be present as it reduces the 
, _temperature of the kiln when first charged. Stone containing 
an excess of moisture also tends to split in burning. About 1% 
of water is the proper amount. 

- Magnesia is not specially objectionable except when silicates 

are present in the stone; it causes difficulities however in the 
purification of the sugar juice, consequently it should be at a mini- 
mum. Sulfate of lime may act the same as magnesia. 

If silica is present part of it passes into the juice with the lime 
and retards the filtration process- by coating the cloths in the 
‘filter press. Silica also forms part of the scale on the heating 
surface. There is less harm from this source in hard than in 
soft stones. | 

Silica and alumina also tend to form an insoluble coating on 
‘the burned lumps which interferes with the slaking. 

The following analyses together with most of the above in- 
formation on the stones used are from the report on the beet 


_ sugar industry of the United States, dep’t agriculture 1897 p.. 
205. 3 


1 2 3 4 5 G6 q $ | 9 10 
WIOESUUTLE ‘oo seis esis sinja:e, stoic ce occ 4. LO Halon keep 4.15 4.17 6.25 5.16 52 | 1.21 11 
MBM ee a lclanislarc.s byes OSes? ais 4.50 5.15 4.90 | 2.15 3.07 Sali 2.25 85 5 27 
Organic Matler so: 6.2. feds cee ilerADe | Shea bey 1.37 1.05 97 1.12 .86 .30 41 15 
Solmble siliGal. secs nein costs oes 2.10 1.75 3.30 1.05 98 64 -56 .06 20 03 
Tron and alumina oxid ....... she 41 20 a7 19 15 .20 Jo2 Done teat 
Lime carbonate.............2- 85.86 | 85.12 | 81.67 | 90.13 | 88.65 | 87.93 | 90.03 | 93.80 | 96.58 | 99.10 
Magnesia carbonate .......... 95 47 .59 05 OD .50 -45 1.81 SS Seon 
PANE RNICS  rersanistas eves s naeleisis eels -05 LOGS aerate .10 AO LEG I ere aielocs, Silheie teas Sherel| er eeereaters OE aa 


Of the above nos. 1, 2, 3 and 4 are considered bad; 5, 6 and 7 
are passable; 8, 9, 10 are excellent. 

No. 3 was used in a sugar factory and caused trouble, notably 
“scaffolding ” or difficulty in the mechanical filters. No. 9 was 
‘substituted and these difficulties disappeared. 

In looking over the analyses of limestones given in this report 
it will be observed that limestones of as great purity as nos. 8, 9 
and 10 in the foregoing table are not uncommon in New York 
state. There are at present two beet sugar factories in New 
York state, the one at Binghamton and the other at Rome. 
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The following are some additional analyses of limestones used 


in beet sugar manufacture. Nos. 1 and 2 of stone used at Los 


Alamitas, Cal. and no. 3, a French stone. 
No. 1, the Colton stone, is good 
No. 2, Oro Grande, is passable 


lax 
J 


- No. 3 is bad. ; 
: 1 2 : 
Lime carbonate ............ seeetes+s 98.000 94.306 © Sictue 
Magnesium carbonate ........:...... 453 1.845 2.50 - = 
from andsaluming OxId:.) 2. as ee 1.096 -929 WPA RE oS 
Sooiliea, sand, etc... <7... ss ace ee 281 900. - 82a 
eMonstures ol ey ee 051.088 — «5.25 
Organic matter and magnesium sul- 
PARE eee Vise eee Oe ot a eee HOM Benge SRE 701 L231 
Wandewermined (8. aa 116° 1 et 64 


_ ‘Chlorid of lime. Lime which is to. be used for the manufacture 
of chlorid of lime must be very clean for on this hangs the possi- 
bility of making a strong and stable chlorid. To satisfy these 
requirements the limestone must be sufficiently pure and burned ss 
as well as possible. For this reason many manufacturers pur- 
chase the limestone and burn it themselves. The burned lime 
should be free from carbonate of lime, and the limestone should 
have a minimum amount of sand, clay or similar impurities, 
which in burning do not of course turn into lime. Aluminous 


limestone clears with difficulty when dissolved and hence is not 33 


liked by bleachers and paper manufacturers. 

As the consumers require a pure white lime the stone must 
contain- practically no manganese or iron. These metals are also 
thought by some to injure jts stability, but this point is not defi- 
nitely proved. The presence of magnesia is also undesirable as 
the greater deliquescence of the magnesium chlorid renders the 
lime chlorid less stable. , | 

The presence of organic or bituminous substances in the lime- 
stone is entirely harmless as they do little more than impart a 
dark color to the stone and pass off in burning.? * 


aWagner. Chemische technische Untersuchung’s-methoden, 1898, p.430. 


ae Se SS i 
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Fat limes which slake quickly and fall easily to a fine light 
powder absorb chlorin much quicker than lean limes, which on 
slaking give a sandy powder even when analysis points out each 
as almost pure and shows no difference. In addition chlorid of 
lime made from fat lime keeps much better than when made from 
lean lime (Wright, Chem. news, 16:426) 


Glass making 


According to Mr J. D. Weeks® lime is of considerable impor- 
tance in glass manufacture. “Glass rich in lime requires a 
higher temperature to melt and because of this is more destruc- 
_ tive to the pots, but used in proper proportions it promotes the 
fusion, aids in the decomposition of the materials, and improves 
the quality of the glass. Lime glass can not compete with lead 
glass in brilliancy, but it is harder, not so easily scratched, holds 
its polish longer, is more elastic and consequently tougher, will 
stand higher temperature, resists the action of water and chemi- 
cal agents and is much more cheaply produced. Lime glass also 
on account of the slight difference in specific gravity of the two 
substances composing it is less liable to become striated. In 
the manufacture of plate glass, which is ground and polished, it 
is found that glass which is rich in lime is harder to polish than 
that poor in lime, but it holds its polish better and longer.” It 
may devitrify from the presence of excess of lime, as when an ex- 
cess of lead or sand is used. The lime should be as free from 
impurities as possible, specially oxid of iron. 

Below are given two analyses, no. 1 from Blair co. Pa. and no. 2 — 
from Sandusky, O. The former is used for window glass, the lat- 
ter for lime flint glass. 


1 2 
BRE ARMIN EET in: og os Sto avis Sin v wis a \S eet. 0.8 whe 09 .05 
SLND a <A eee eee meses oie oat oo a 2% Boe: 5 £08 1.00 
EA NOEE leks eer Pe are een ae ae SC Ss Sd awe webs o 02 40 
Ferric carbonate ....... ORS aaa ee eee JLG5<-s ee 
WEA MERIT CALDOMALG: 75.2 a5 o5 Se oko eo % eo wase.s « 1.48 41.43 
AG CALDUMDLS cok coe ono 5 os Spee Bed Rode cies 97.23 56.60. 
MEIC NA ee eps wis oe Se aed a FES cea 
1 CETTE 0g 2 A Og ook eg er a ee a .40 


on 
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Mortar 


The use of lime as a mortar has been known for many years, 


and the ancients were familiar with the fact that by means of 2 


simply burning limestone and soaking the burnt mass in water 
they could obtain a stiff paste which possessed valuable prop- 
erties. | | 
Lime is extensively utilized for mortar making at the present 
day. : 

Pure CaO has 71.4% Ca and 28.6% O. It is a porous, earthy, 
white solid, which when pure resists a high degree of heat. It 
absorbs both moisture and carbonic — from the air with the 
greatest avidity. 

Richardson gives the following requirements for caustic lime 


~ used for mortar.” 3 


Except when made from coarsely crystalline marble or from 
marl or shells it should be in hard lumps. 

It should be white, or nearly so, in color. Lime of a yellow 
or brownish color with veins of siliceous matter is inferior. 

It should be free from fused or semi-fused stone which shows | | 
over burning, and from unburnt ash of fuel or clinker. } 

It should contain less than 10% of impurities but often has 
more. 

It should slake rapidly, showing that it is rich and fresh. 

Good lime in lumps should weigh, as packed, with about 40% of 
voids, 60 lb. a cubic foot, 75 lb. a bushel and from 220 to 
230 lb. a bbl. of 8 bushels. If ground or in powder it will 
weigh less when packed loosely, but when well shaken down it 
will weigh as much as 270 Ib. a bbl. A lump of hard lme 1 
foot cube would weigh about 95 lb. having a density of 1.52. 


Slaking 


Lime combines with water with evolution of heat and every 
100 parts lime take 32 parts of water. 


aBrickbuilder, 1897, p. 78. 


“~~ 
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If 33¢ of its weight in water is sprinkled on lime it heats, 
cracks open and falls to powder. 

: The increase in volume in slaking is caused by the expansive 

force of the steam. Lime may be slaked without increasing its 

volume by passing dry steam over it in a tube. 

The energy of slaking increases with the decrease of impuri- 
ties. The same lime may show a varying increase in volume in 
Slaking due to amount of water added, etc. The slow addition 
of water raises less heat. Slaking lime in an open box gives less . 
heat than in a closed one. | 

With an equal volume of water the increase in size of a rich 
lime is 2% to 2.44. 

Richardson illustrates this point as follows: 


Vol. of H,O | Increase in volume 
3 ae: 1.6 | 
1 epee 
a4 | 2.5 
With a poor dolomitic lime it was 
2 ; gy 


No set rule can therefore be laid down. For instance 1 peck 
lump lime with 44% of voids, on slaking with its own volume of 
water gave 27 pecks of fine powder of slaked lime. 

From 1 peck of closely packed lime, 2.5 volumes of slaked lime 
were obtained. | 

Gilmore found large increases, some running 2.46, 2.83, 3.21, 
2.40, but this was caused by his using larger amounts of water 
than are generally taken in practice. 

The following table gives the tests made by both Gilmore and 
Richardson. 


Rockland Rondout New York 


penne Richardson 
Meioire Ghalitreriih Mie oe h 5 oe ake s ie 5 ees 5 
GU OMA THEC IME G6 260. 5,9 fo. tie tooo 1557 1806 2350 
Vol. of water required to slake......... 2988 3300 2000 
Increase of weight in %.............:. 2.24 2.24 1.60 


PHCLEASG IH: VOLUME. 3%, os «ok oe oe 2.46 2.14 1.91 


Ea ow 
en hie s 


teres? 
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The theoretic-increase is 1.53. Lime also slakes simply on ex- Aes 
posure to the air but it is not good for mortar making as its 


slaking has been accompanied without any violent disengage- 
ment of heat to rupture the mass. ee 

The larger particles also have a hardened rim. 

Method of slaking. The water may be sprinkled over the lime 
gradually, or added at once in excess. 

The former is best because a looser mass is ‘obtames and it 


- gives better results with poorer limes, slaking them more ~ 


thoroughly. 
Too great an excess of water tends to lower the temperature 
and render the slaking incomplete. This latter causes unslaked 


particles to get into mortar, and by their subsequent slow hy- 


dration and expansion they may do much harm. Popping of 
~ mortar is due to this cause. . It is also true that if the water is 
added gradually it may allow the mass to cool down. Enough 
water should be added to allow for that escaping as steam. 


With very fat lime 24 volumes of water may be taken. Poor 


magnesian limes take less. 
Pure water should be used. That with soluble salts gives rise 


to efflorescence. Hence sea water can not be used though it has ~ 


been successfully tried for hydraulic cement. 

An excess of water gives granular paste and also makes the 
mortar porous. 

In making mortar the sand is added to lime for economy and 
to prevent shrinkage. Sand should be clean and sharp and should 
be in such quantity that the lime will fill all the interstices. If 
an excess of sand is used the bond is poor. If too little sand is 
used the mortar shrinks and cracks. If too little lime is used 
the paste is made thin. Jn ordinary sands the spaces from 30 to 
40¢ of the total volume and in such 1 vol. paste fills voids of 
24 vols. sand (Brickbuilder p. 101, 1897). In practice 1.25 to 2 
vols. of sand to one of paste is used. This in case of fat lime 
means 3 to 5 vols. of sand to one measured vol. of lime and 
this gives a plastic mortar which does not crack. 
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Richardson gives following mortar experiments. 


Composition and physical properties of the lume 


Mersom-ionition, HO and S........-- Beet ee Sera na aes paren 
Insol. SiO, and silicates .......... Roe Nas eet ak Sara 1.2 
Al,O-; and Fe,O; Fe heme iar eteuldT cube cat apletcae ieve keer a: Tas tre lane er Hel wetiol ae Kee : .8 
CaO . e e Sa ete. ef :.€\ (8. @) @ OP Pe OS 8) Va 16) iG)e Oye 8) t SC 8), BQ OS 6) 6 8 ° e es 95 . 6 
Weight of cubic feet ineluding voids ................... 60 lb 
Voids eoreesrke &# @ es eee. se 3 a. 8 "8/0. “e@. .2°@, @ +O. Se ~-8- (8 @ s e eve) 8 eee. 2% 19 eee 44% 
BOC NMO De oat ek Pe oe Weel oe hot ee le a 1.52 
No. of experiment............ deters tee eerie Soin Meee a 2 e 3 4 5. 
REIN Ol CAOMSCH, <wiccsewisisscaceicsiciisssivweie ciatoc sacs 1,000 1,000 1,000 1,000 1,000 
Weight of H,0 to slake.........sseceeseesccccsesees ssees 1,000 2,000 2,500 3,000 4,000 
BWelght Of F12O LOM PASte sams. cece eccicns casas cielelsiee ses 1,000 500 None None None 
Volume of H,O to one Of CaO........seesceseeeee seceee 2 2.5 2.5 3 4 
INIAITISAPLGERDASLE OAs civeaicled oe cnitis cis och ga cae chews wee eee se 23000 2,560 Deh Wie sya PL) 4,120 
WRG HEOS PASEO cor. morcialeeiviescia\ats viele «cis oveisitlewejtie.ceee sie ove 2,420 3,280 3,392 3,880 4,850 
ICHAT VEO TI ARDS c.\0\cniviciise nia ss sieio esis niniere visto sac elsiewioiiene 1.36 1.28 1.25 1.24 abealy 
Characteristics of paste ......sssseees aletalatetaterstalstelelaretsiieislere Thick Thick Medium Thin Very thin 
‘Volume of sand, moist...... mrewisle’s cie’alsistare pininrcieleleiaiaiele cle ara 2,000 3,000 5,000 7,100 14,360 
BUENO TRAM crt acs ancis'e ae wlvicrctjein os vcore tSnkaaeces 3,000 4,500 7,500 10,800 20,600 
Volume of sand to lime......scecceecseerescaccces suses 2 8 5 ey! 14.4 
Volume of Sand tO Paste...ccsrscecees falajareie oveesceccvece 1 1.2 1.8 2.6 3.5 
SVP LMERIVO OSE PISLOT GAT a1; 5 cclese)s isinin'p sko cia'e Civie'einie we 01 6 t.¢. cles seiwiaiougs 3,320 4,400 5,840 7,200 13,500 
WME TG OE IMOLEAE visiclelsicl/e cicisievelvicie oe sisiniclere sive: evsvajerela's Anon ay (8) 7, 160 10,650 13,960 25,450 
PF CLES EY 1O Fe TINGE UIs loin el cloe eisipit <isidle visio aie aN ee leiaiv.ciele\sleisiaejevele 1.73 1.75 1.82 1.94 1.88 
Consistency of mortar ..........eeec00- Jefbiotolezelstetels pins /sis'e . Thick Medium Medium Sloppy Very sl’py 
LORIE (de hg hodeSedtosordgs sbsos sabodeocenguccsocossacHouns Cracks Dries without shrinking 


Percentage composition ; 
TWEE. sv ccsslneenccscvecccacveseenscceescece tose. sevccveee 30.00 29.30 22.50 20.70 15.1 


SSUIEBLEAL tore Teele ste eterale sivtoim sttctetaleists ire ove a's wie sinlavelaie ofeivicteneiciais a « 52.60 67.90 68.10 72.20 82.0 
PUGANEN GH Yeas winratsinerelare a lol he’s ovals tic diseiniers ateia's ¢ Tieiaiaiy ele Bid wa Wetrawies 17.40 12.80 9.40 7.10 = 3.9 
100.00 100.00 100.00 100.00 100.00 
ALOUULH OL WALEM LOUIMNE ss 6 cidrse.cs.coh a celgo views te abbeleseces x Ua | 2.0 2.4 2.90 3.9 
Cements 


The name cement was formerly applied only to materials which 
were added to lime mortar in order to make it harden under water. 
Subsequently this term was used for all combined material which 
gave a mortar that hardened under water, and so has ex- 
tended to our natural and portland cement. Cement materials 
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are now classed as hydraulic agents, hydraulic limes, slag 
cements, natural cements and portland cements. Hydraulic 
agents are materials which cause silica and clay to unite 
with the lime of common mortar, giving us a combination — 
of slow hardening. Such hydraulic agents may be natural or — 
they may be artificial. The natural ones are represented by the — 
pozzuolana of Italy, and the trass of the Rhine valley in Ger- 
many. In this country they are only known in the far west. 
The artificial hydraulic agents include slag, burned clay, shales, 
ashes, silicate of soda or any inorganic material that contains 
clay and silica in a form permitting its solution in acids. 


Hydraulic mes 
Schoch divides these into three classes: | 
True hydraulic limes. These contain over 70¢ of lime carbon- 
. ate | 
2 Roman cements, with 50% to 70% of lime carbonates 
- 2 Dolomitic cements or magnesian cements | 


1 Hydraulic lime. When the clayey impurities increase in ordi- 
nary quicklime, it assumes hydraulic properties and the lime is: 
known as hydraulic. Sand is an impurity which is not too large 
to prevent its slaking but simply retards this operation. Hy- 
draulic limes with only 5 to 15¢ of silicates will harden in from. 
8 to 20 days, but with a larger amount in from one tu four days. 
No sharp line can be drawn between pure cements and hydraulic 
limes. é: | 

True hydraulic limes generally have 18 to 25% of clay, free 
silicia and combined silica, iron oxid and alumina, sometimes. 
magnesia and alkalies. . 

The burning of hydraulic lime must be carried on very slowly. 
The higher the percentage of total silicates, the lower must be 
the temperature of burning for under no circumstances should 
the material be allowed to sinter as it does in the case of portland. 
cement. Such overburned pieces slake very slowly. Further-~ 
more the burning should only go to the point of driving off the 
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CO,. The best hydraulic lime known is the celebrated Chaux du 
Theil whose composition according to Dr Michaelis is 


Naat re ors ors ie. Ors Keri aos Rye se er aan ee 22.588 
PRIMATE) een roerel oP ackare teehee! kee ay'0 Si tes 2.629 
LTE DULL SCSZ Me ah ye at ge ae eee eee Lab 
“DTIDIVE:, gd aaa Se ea ae oe onan nan 65.624 
MMOH Peet ese eM woe cs «Conv ace, Sale a ses <s 1.536 
UE TREZISD oS Seepage SATS MPA Sle nee eae 124 
SCS: 6 Ae ete IG Ret a SE aoe .065 
“STEMS RIGA WET Ree ie oe Ss See Aaa ana eg 023 
LBS OCCT 0 eas ed ele ga ae Sie REE SS, (as SC ee 6.424 


Hydraulic limes generally have a yellow color. Their specific 
gravity is about 2.9 and on ignition they lose about 84. They 
harden slowly and.by themselves their hardness is small. On 
the other hand if mixed with sand they get a high degree of 
tensile strength. 

2 Roman cement. This is also a natural product and of the 
hydraulic limes has the highest silica percentage. In addition 
the roman cement always has a certain percentage of free quick- 
lime which among other things distinguishes it from portland 
cement The following analysis of roman cement will serve as 
a type (Schoch p. 74) 

TILTLES a Re eee goer eens ee ae eee 25.00 


JAS OTN IG es MEE DEBS Py 2g a ey eat PR ae na 9.00 
ere OM 420. jue Aes 28 es ee Sa 4.39 
inne ss seins. oe ep eS eH ke PsP ties BE, (58.02 
LACE TEES Fe ean ng a en a Rag gag 1.08 
Sa) 2 STEN apes eo ae ee RecA gt ae Rha een .62 


The ultimate composition approaches somewhat that of port- 
land cement. The burning of roman cement must never ex- 
ceed a certain temperature, in order to prevent sintering, but 
while the hydraulic lime naturally slakes in water the roman 
cement must as in the case of portland be ground to the finest of 
flour. Burned and ground roman cement is generally a light, 
yellow powder with a specific gravity of 2.7. The time of hard- 
ening varies but it is quite rapid. In mixing it with water it 
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does not evolve much heat. The tensile strength can be greatly ee 
increased by the addition of sand, even more so than in the case 
of hydraulic lime. : es 
3 Dolomitic cements. These are made from magnesian lime- 
stone and are to be looked on as only a variety of roman 
cement, and indeed they are sometimes sold under that name. — 
The dolomites have 54.3 of lime carbonate and 45.7 of magnesia 
carbonate. Other impurities are frequently present. Dolomites 
are found in many parts of the world, Germany, Scotland, Russia, 
Belgium and America. Such cements must be heated to a tem- 
‘perature only sufficient to drive the CO off from the magnesia. 
It should not as a rule exceed 400 C. If they are burned too hard | 
quicklime is formed, which will not develop hydraulic properties 
except in those materials containing clay in large amounts. The 
quicklime in this case will form hydraulic compounds by uniting — 
with the silicates and these do not expand noticeably in the 
water. Dolomitic cements do not develop much heat on mixing 
with water. Their tensile strength alone as well as when mixed 
with sand is intermediate between true hydraulic lime and roman — 
cement. | 
The Rosendale region of New York is one of the best producers 
of natural cement in this country. Hydraulic limestone is found 
more or less in many states specially those of the Appalachian 
region of the east. Others occur in the west and in the region of 
the great lakes. Some idea may be gained of the extent of this 
industry at the present day by stating that the works for making 
natural hydraulic cements are found in New York, Pennsylvania, — 
Maryland, Virginia, West Virginia, Ohio, Illinois, Kentucky, Min- 
nesota, Kansas, Utah, New Mexico, Wisconsin and Texas. Ac- 
cording to the U. 8. geological survey there were 71 plants in 
operation in 1896, which produced 7,970,450 barrels of natural 
cement worth $4,049,202. Over 50% of this was made in New 
York. In fact it was in New York state that the first natural 
cement in this country was made, and the United States exceeds 
all other countries of the world in the quantity of natural cement 
produced. As mentioned in another portion of this report how- 
ever portland cements are rapidly crowding out the natural hy- 


LIMESTONES OF NEW YORK AND THEIR ECONOMIC VALUB 393 _ 


draulic cements. As said before natural cements are made from 
limestone which contains an admixture of silica, clay and mag- 
nesia. The natural hydraulic limestone found in the United 
States however varies considerably in composition. 

The hydraulic limestone can be divided into two classes based 
on the different amounts of carbonate of magnesia which they 
contain. In one class it does not exceed 3% or 4%, in another 15 
to 35% is found. Most of the hydraulic limestone of the United 
States is magnesian but that of the Lehigh valley and the upper 
Potomac valley is not. Likewise some of the deposits of the west, 
but it can be said in general that over 90% of the rock used is 
magnesian. The Rosendale and the Louisville cements contain 
15 to 25¢ of magnesia. The amount of the two carbonates in 
_ the two limestones varies from 54 to 754, while silicates and silica 
may vary from 20 to 47%. The rock may also vary in one locality. 

It often happens that the different strata of hydraulic limestone 
in any one quarry are not all equally well suited for making 
natural cement, so that before entering into any quarrying 
method which involves the mixing of all the beds the availability 
of the different ones should be determined beforehand by experi- 
ment. Their adaptability depends on the amount of silica and 
silicates which they contain and also on the percentage of mag- 
nesia and also sometimes on the percentage of sulfur and alka- 
lies. In addition the silica should be combined with the alumina, 
and the rock should also be dense. The two classes of natural 
cement mentioned above, namely the magnesian and the non- 
magnesian differ distinctly in other properties. The magnesia 
cements do not heat on mixing and with water they set and 
strengthen slowly but in the end are as strong as the lime 
cements. They do not resist frost well when first used, and often 
careful preparations have a tendency to expand a year or two 
after use. The lime cements when carefully made have a ten- 
dency when made into mortar to heat on the one hand when too 
rich in lime and on the other hand to bloat when too rich in 
Silicates or overburned. They acquire strength rapidly, having 


aRichardson gives analyses of different strata in a Maryland quarry, Brickbuilder, 
1897, p. 152. een 
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nearly as great a tensile strength at the end of from one to psa ee : 
as the magnesian cements. They resist frost better than the — 
latter but at the age of a year very often have not strength — 2 
enough and are at times inferior, more brittle and crystalline with 

a tendency to deteriorate in strength. The perfectly prepared and 
carefully made cements of this class are the best natural cements. 

in the world. The Roundtop cement of the Potomac valley is. 
typical of the highest grade of the lime cements as the numerous. 
Rosendale brands are of the magnesia class. 

Manufacture of natural cements. Physical properties ef the stone. 

Of primary importance is the density of the rock. A light 
rock does not burn well or give a cement of suitable volume, 
weight or density. The specific gravity at 78° F. should not be 
below 2.7, and preferably be 2.8. Some stones have a specific | 
gravity of only 2:65, but they are inferior. The best rock is 
obtained from those portions of the quarry which are beyond 

the range of weathering. Richardson gives the following den- 

sity for the Rosendale rock: ; 


Nearest surface . 
HEROS yOGKn ois taps a ears oe ee cee nes Re yeh 


Dark rock a's seas ek oak ee See eee 2.849 
Medium 3 
Eee OC Kea ste. eS Siena cg Ss wines brea ie oe eee 2.815 
Parke ars. oilscss ites 5. atesens ela cere ene ohne 2.841 
Deepest < 
Ei GWAC wh 8 eset ee poe eee 2.827 
Wark TOK seo eos oem eh ave where neat aie 2.845 


The Fort Scott, Kan., rock which is nearer the surface has 
a density according to Mr Richardson of only 2.73, the Round- 
top rock, Maryland, is 2.731, the hydraulic limestone of Illinois. 


is only 2.667 and does not produce as dense a cement. It is also — 
desirable that the various ingredients of the rock should be as 
thoroughly mixed in as possible. If the sand is coarse or the 
clay in lumps or the carbonate in pockets by itself the rock is not 
adapted for making cement. Generally mere inspection will sup- 
ply information on this point, and the size of the particles can be™ 
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determined by dissolving a weighed fragment in acid and deter- 
mining the size and quantity of the insoluble particles of sand 
remaining. The residue of the Rosendale found at various 
depths are quoted by Richardson as follows: | 


Per cent of residue 


Nearest surface i ees 
Mmelner OC. oo eee'h webs ob ay 2.9 
PISO Cs ete. cuetavone +. oho eos 5 0n9 0.0 

Medium 
PRT CKG Po hee Sena ot Sess epee or 0.0 
WOKE re Ck et lie ee ae os ~ 0.0. 

_ Deepest 

Baran COCK yo os ai. eae ee Page 0027 0 n6./3 0:4 
PEA TOG KG: Fo Slyle ss Co rial n, 234 ue 2a Oar 2) O05 


On treatment with acids the rock retains its‘shape but the clay 
is dissolved out and the residue can then be broken down with 
the fingers. If a coarse rock must be used the burning should be 
slow in order to give a combination between the lime and silica 
every possible chance to take place. : 

‘Chemical composition of natural cements. The amount of car- 
bonate in each hydraulic limestone must not exceed 75% and prefer- 
ably 704%, and where the quarry contains several strata of different 
_ degreesof richness it is possible to bring about the proper composi- 
tion by mixing the magnesian stone, probably making the best ce- 
ment known provided they contain enough clay. Yet the Maryland 
rock with .68 and .44¢ of carbonate and only 4.58 of magnesia, 
while the silica and clay amount to 29.66%, are examples of this 
kind. In any single rock the amount of magnesia should not 
exceed 40% and should preferably be 25%. A stone with more 
than this latter amount has a tendency to expand slowly with | 
age specially if it runs low in clay. A western New York 
rock with 374 of carbonate of magnesia and less than 2¢ of silica 
and silicates is an example of this. The Rosendale cements 
contain only about 20¢ of magnesian carbonate with 30¢ 
of clay. The amount of silica and silicates present is highly 
important for they influence the hydraulic properties of the 
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limestone, and as said before the silica should be in combi- 
nation with the alumina. Can this case be determined partly 


from the quantity of alumina contained in the stone? For: 


example two stones, one from Akron, N. Y. and the other 
from the Rosendale region show according to Richardson respec- — 
tively 35¢ and 29¢ of insoluble material, but from the amount of © 
alumina and iron present we can see that there is very little 
clay in the Akron stone, while there is much of it in the Rosen- 
dale stone, the former having only 4.84 of alumina and iron, while — 
_the other has 10%. The Rosendale in consequence makes a very 
superior cement, while the Akron shows the qualities resulting 
from a deficiency in clay but an excess of magnesia. The effect 
of this deficiency in clay is to form a cement which heats and sets 
too quickly, but an excess of clay can also be injurious as already 
stated. Sulfur when present in the limestone is generally in 
_ the form of gypsum, namely sulfate of lime or pyrites or iron 
- gulfid.. Both of these substances are seldom present in suffi- 
cient amounts to be injurious. They may occasionally become 
reduced in burning when combined: with iron oxid to produce a 
green color. Alkalies such as potash and soda are harmless un- 
less present in more than 24; an excess of them makes the rock 
fusible and such material has to be rejected. The following alka- 
lies percentages in different natural rock cement is given by | 


Richardson. 
Alkalies in hydraulic cements 

Miriwannlze@: KAO" Sooo os Sok ods Se a ee 7 Se 
Nilwankee:~ Na Orc 850. 2 ca Sie os Oe Be ee dee 
Hor scott: KO. 5.05 oss es eel a nee ee 10 
Hart Scott, NasQi.. 5 oF ‘cel oor eco eat een 1.33 
BAIROW pata, Hen) 6co5 coh: ome: eos atari ene a =e ants ee a: 4689 
AETOn: tat. Dag) ss. oc ese nee eta a She ee oes 
Akron; Obelisk, KO. 2.605 Sm ac / Sl ee 1.60 
Meron. ObeliskeNagO. (inc cate ues he ea as 
Butialoy KO. of eiak ok eee See eee 1.44 
Batialo; Na, O! ss Se, ope Sees Oe ae See eee AL 


The formation of one of these alkalies over the other depends 
on the species of feldspar from which it is derived. 
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Burning of natural rock cement. In America the sheet iron kiln 
is frequently used. In the Rosendale district an elaborate system 
of mining is conducted to get out the raw material. The raw 
material occurs generally in two beds of rock known as the dark 
rock and the light rock. These beds vary in thickness, but gen- 
erally the former is about 18 feet thick and the latter 12 feet, and 
there are barren layers about 10 to 15 feet thick separating the 
two cement deposits. As the formations have been very much dis- 
turbed in Ulster co. N. Y. the cement beds are found dipping 
more or less steeply. Under these conditions with comparatively 
small beds of productive rock in a mountainous district it soon 
becomes unprofitable to work the cement in open quarry. The 
~ natural development therefore has been a resort to mining by a 
system of slopes and headings Similar in general scheme to 
anthracite coal mining in Pennsylvania. This work is evidently 
expensive and would be much more so if it were not that the 
rock coming from these light and dark strata is practically all 
of it available for making cement and requires comparatively 
little sorting or separating after it is mined. As the boundaries 
of the beds are sharp very little useless rock has to be quarried. 
Such things also contribute to reduce the cost. Power-drills are 
generally employed in the Rosendale mines with high explosives 
to displace the rock. Some of the mines have a great deal of 
water which requires to be pumped regularly to keep the head- 
ings dry. According to Mr Lewis a somewhat similar system of 
mining is resorted to in Cumberland, Md. In Pennsylvania (the 
Lehigh district) the work is all done in open quarry on large de- 
posits of suitable rock, requiring little stripping or sorting. 

_ The kilns used on natural cement are all of the lime-kiln type. 
That is, the shaft is generally cylindrical, drawn into a hopper at 
the bottom and open at the top. The rock without any prelimi- 
nary preparation, is charged at the top in alternate layers with 
coal and the clinker is drawn at the bottom. The operation is 
continuous and as. the temperature of calcination is compara- 


aMuch of the information relating to this subject has been taken from Mineral 
industry, v. 7. 


398 NEW YORK STATE MUSEUM 


tively low the output of cement a ton of coal is large, the yield _ 
varying from 50 to 120 barrels a ton of fuel. The Campbell — 
grate used by the Milwaukee cement co. is an improvement which 


has advantages in a more uniform burning of the clinker and in 
a considerable economy in fuel. This grate differs in design but 


is similar in idea to a grate which was introduced in the Lafarge . 


cement works in France some years ago. 


The burnt rock falling from the bottom of the kilns is gen- 


erally carefully sorted to exclude the overburnt and the under- 


burnt clinker and there is usually a mixing of material from 
different beds of rock to produce a product having the qualities 
desired in the finished cement. The hard burnt clinker being — 


excluded, the calcined rock is soft and easily reduced to powder. 
‘The lumps are first broken up in cast iron crushers, and are then 
ground to powder in millstones.. These answer the purpose very 


satisfactorily and economically for natural cement and are gen-- 


erally preferred to more modern mills. It is a recent practice 
to pass the material over a separator after it has been cracked so 
as to take out the material which has been already powdered 
-and thus relieve the work on the mills. 

In the natural cement trade there are several standards of 
weight a barrel, as follows: Rosendale, 300 lb. net; Pennsyl- 
vania, 280 lb. net in barrels, 300 Ib. net in sacks; western stand- 
ard, 265 lb. net. 

In regard to quality of the cement there are very considerable 


variations in the new materials and it is rather difficult to adopt — 
any criterion. Cements of the Rosendale district will ordinarily | 


show a tensile strength of 70 lb. at one day neat, and 95% 
of the raw material will pass the no. 50 sieve. This a very fair 
standard of quality for natural cements. In the Lehigh valley 
district of Pennsylvania the manufacturers are making a grade 


of natural cement which they style “improved” cement, and — 
which is made from a mixture of natural cement with a percent- | 


age of the product of portland cement kilns. This cement 


‘shows higher tensile strength than the rock cement and com- 


amands a rather better price. _ ) : 
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In color there is a very great variation among the rock 
cements, varying all the way from a light cream color to a very 
dark drab color, which is a characteristic of the cements of the 
Rosendale district. There is no standard in this regard and the .- 
color indicates nothing in regard to the quality of the cement. 
There is also a considerable variation in the specific gravity of 
the cements, though generally it is about two sixths. It depends 

chiefly on the percentage of iron in the material, the greater the 
amount of iron the higher the specific gravity. | 

Vast quantities of natural cement are used in the middle west- 
ern states from the gulf to the lakes and from Ohio to the 
Rocky mountains. This demand is supplied chiefly from brands 
made near Milwaukee, Wis. Louisville, Ky. and Utica, Ill. while 
lesser amounts come from Fort Scott, Kan. and Mankato, Minn. 
All these are cements but their character and composition vary 
considerably. Richardson gives a number of tests of these. 

Large quantities of cement are made along the Lehigh river 
near Coplay and other places. This cement is in some respects 
very similar to that of the Potomac valley, it is quite free from | 
magnesia, sets very quickly and is as a rule what is known as 
fiery. While it gives great initial strength it is quite inferior to 
the Potomac cement. The rock from which it is now made has a 
much more important application for the manufacture of portland 
cement. Richardson makes the following classifications of natural 
cement based on the examination of those made in various por- 
tions of the United States.% 

1 Lime cement with only 2¢ or 3% of magnesia, 13 to 15¢ of iron 
and aluminum oxid and 20% of combined: silica. 

2 Lime cements with as little magnesia but with less silicates 
than class 1, and consequently less satisfactory and more fiery. 

3 Magnesia cements with a maximum of not more than 154 
of magnesia, the same amount of iron and aluminum oxid and 
15 to 20% of combined silica, and in addition considerable un- 
combined silicates as they are not thoroughly burned. 


a Brickbuilder, Jan. 1898, p. 14. 


a 
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4 Magnesia cement with a large amount of magnesia, namely ~ 


over 20%, less alumina and iron and less undecomposed Silicates 2 Sa 


than in the preceding class. 
5 Magnesia cement efficient in alumina and iron oxids as well | 
as in combined silica. 
6 Magnesia cements thoroughly burned, made from rock hay- _ 
ing a smaller amount of silicates than those of class 4, with 
only a medium per cent of magnesia and little uncombined sili- — 
cates. : | : 
Cements of the first class set and acquire strength rapidly and 
increase in this direction for a long period but the final result is 
a more brittle mortar than is obtained with the magnesia brands. 
This class includes the lime cements of the Potomac valley. 
According to Richardson the second class has not as variable a 
relation of silicates to lime, and consequently the cements are apt 
to be fiery and not as satisfactory. They are shown to improve 
by the addition of portland cement, after which they can be 
used quite successfully. This class includes those of the Lehigh 
valley. The third class is represented by the best Rosendale 
brands, which set and acquire strength slowly, but which con- 
tinue to develop it for a long time and eventually are very strong - 
and tough. The fourth class includes. cements like those of 
western New York which have been, while containing an unusual 
amount of magnesia, burned so hard that little of the silicates — 
remain undecomposed and uncombined with the lime and mag- 
nesia, and in consequence are apt to stand a long time after use, 
unless carefully hydrated. The fifth clasS is one in which the 
cement is essentially a lightly burned, highly magnesian material | 
in the preparation of which the heat has not been sufficiently 
high or prolonged to bring the greater portion of the silica in 
composition with the lime or magnesia, in this respect being in 
contrast to the preceding class. The hydraulic principle and 
strength are therefore largely due to the magnesia and car- 
bonates rather than to the silicates and aluminates. Examples 
of this are those cements made at La Salle, Ill. The last class 
fortunately is a cement in which there is rather less mag- 
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nesia than in the two preceding classes, and less aluminum and 
iron oxid than in the third class. Though they are burned so 
thoroughly that there is but a small per cent of silicates uncom- 
bined, still as Mr Richardson says, all of these cements will when 
properly burned and carefully handled give successful results in 
the large majority of cases. As a rule natural cement mortars 
will acquire a satisfactory strength with sufficient time, though it 
may have originally been very weak, or subjected to unfavorable 
influences due to the conditions under which it was used. 

The American natural cements are made from argillaceous 
limestone of Silurian or Devonian age. In New York, Pennsyl- 
vania, Maryland, Virginia, Georgia, Kentucky, Indiana and Wis- 
consin the natural rock cements all come from the same horizon, 
most of the limestones used for making natural cements being 
highly magnesian. The following analyses illustrate the com- 
position of these natural cement rocks from different points in 
the U. S. In sampling a cement bed for analysis and test the 


' greatest care has to be used. 


Lewis considers that the purest and the most homogeneous 
deposit, and the one presenting the largest acceptable working 
bed is that of the Lehigh valley. This is now being used to 
make portland cements. The following analyses give a com- 


position of natural rock cements. 


Lewis gives following analyses of rock cements: 


Locality SiO, Al,0., Fe,0, CaO MgO Authority 
TA WECTICCVALIO . feizic'c's ns a.e%s oie sla 29.00 10.40 32.35 19.92 A. W. Dow, Wash. D, C. 
Norton’s Rosendale eae totetetstnieTaisys 24.30 7.22 5.06 33.70 20.94 Booth, Garr’t, Blair 
Old Newark Rosendale......... 24.42 8.16 3.96 36.30 16.93 a 
PA WCE CON acai cra slatoie cleivip elpisieiv-a'ecate 22.77 10.43 34.54 21.85 S. B. Newberry 
WC AS ONG ise ve isi va cie Sots estate 35.43) 9.92 33.67 20.98 Gillmore 
CUTADEEIATIO NS. Veleleicisis sic cicniele'etev a 28.30 10.12 4,42 49.60 3.76 A. W. Dow 
MEW ATWKGEY oraisteeiaitis cla cic’aisis d sivs'cle 25.16 6.33 1.71 36.08 18.38 Mfrs. anal. 
BeRIC BVP aiscsn.c sae vids oeaisisarnes 26.50 9.40 2.00 53.50 2.40 Pa.G.S. 
WOMISV IMC RY i.0e diane pisiasives fe wie 21.10 eo 30.16 7.00 
CUM PEVIAN GT eos devo cissasle iniels 36.60 14.58 5.12 37.50 2.73 A. W. Dow 
LOT Rey sh AR Ae 25.70 12.28 4.22 52.69 1.44 ce 

ROUNG tOP ..ccesee ascvvcvsevees 30.02 13.55 3.00 44.58 2.76 EE 

SERPs. nist y oeisis e\ejatetecaiel ete’ 6 28.36 9.85 3.07 45.04 2.82 a 
PE OLOMIACH werdersisiesais/eleinivietarsleivis' slits 26.65 12.38 2.14 $3.20 12.56 cf 
Walsiyu( hy) toes sulaciciaispeivesee i 22.60 8.90 5.30 52.69 1.15 E. Candlot 
WASTUTNC erect ioiers-ateicia elas tes eaels 23.40 12.90 3.30 47.70 1.05 cf 
ATZCUSOHIL (EE) is acre qalercie's xines's 29.55 8.35 4.10 47.50 3.85 “ 
Tsckerkasoff (RuSS8.)........0+5 24.29 = 6.53 5.80 42.10 10.15 “ 
SHEPPCY, (WBGs)\sapeiciek dslen’s Ve com ews vele's ADIGO Mein cic aes 6 50.30 2.85 Redgrave 


ELarwaiChix CHity )itea's wisieineisiesen a. ‘o's vie'sleve ATO eee cieiene 48.00 4.00 Se 
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At the present day natural rock cement is made in 14 states, in- 
cluding 100 plants and 70 firms. Their production is as follows: 


District ama bo ee 
Bonen dale SS. aN CUR te na Ge ee 15 3 500 000 41.9 
Kombyille, Ky. and Undianat) oy Sce0ee, 15 1 750 000 20°9 
Paldist; Lehigh valleys). 0 ee 6 150° 000m am 
Borie co. NN eS hee ae ea 4 550 000 6.59 
Aaa SANE Nak ON oe ae Ae Nee eet Qa O OOM man 
Milwaukee dist. 0 he roa eet 1 475 000 5.68 
Maryland and West Virginia......... Be a) 275 000 8 
Schoharie and Onondaga dist........... 10 200 000 - 2.39 
JOSEVIISE TS, Giang pening Wee albany etn wis Hades 2 140° 000°) votags 
Min MEO bay fcc sin tia se re ide Gta me 2 85 000 1.02 
JC LSTTOME AUIS Soran Pann ree: Maurin ie Meenas Ey ety 3 85 000 42 
RY Susana Vy Cra ee Se ae ate 3 20 000 24 
ClCORa Vel Aer AO e ric ea Nat orate Reo yieey 15 000 .18 
SET GTA TNA cae oe sa ny Nay ty 1 15 000 ies 


NATURAL ROCK CEMENT INDUSTRY 

The first cement in this country was made from water lime- 
rock in 1823, its nature being discovered by accident. It was 
found while the D. & H. canal was being put through Ulster 
co.’ and it was notice that the lime which was burned from cer- 
tain strata near Rosendale hardened under water instead of slak- 
ing. Similar discoveries followed rapidly at other localities, and 
as a result water limerock was found in western and central 
New York, in the Lehigh valley of Pennsylvania, in the James, . 
Potomac, and Ohio river valleys, the result being that natural 
rock cements were made at all these localities at a comparatively 
early date. | 

In 1897 the total production of natural rock cement was 7,781,- 
377 barrels. This was unequaled by any other country, the near- 
est approach to it being France with 6,000,000 to 7,000,000 bbl. a 
year of both hydraulic limes and hydraulic cements. ; 

The United States is probably in the lead, due to excellence 
and abundance of raw materials. Greatest production was in 
1892. Since then both product and price have decreased. One 
reason for this is the increase in the portland cement industry. 


28 
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PORTLAND CEMENT 


Portland cement was discovered by Joseph Aspin of Leeds, 


England, who desired to make an artificial cement that would 
replace natural hydraulic cements. It received its name because 
it hardened under water to a mass resembling Portland stone. 

The use of hydraulic cement is very old, still the industry has 
been developed entirely in the present century. In this country 
the portland cement industry is widespread and active but still 
not enough to supply the home markets, for the growth of the 
portland cement industry has been greatest abroad up to the last 
three or four years. 


In England portland cement is made chiefly in the Thames and © 


Medway districts where white and gray chalks and river mud 
are used. In Germany the portland cement industry is developed 
chiefly in the northern portion of the empire, the region about 
Stettin and the Rhine valley being important centers of produc- 
tion. In these localities the materials used are chiefly chalks 


and marls which are mixed with clay. In southern Germany and: 


Austria as well as Switzerland hard limes are used, in northern 
France marls, chalks and clays are the materials employed. 

‘The enormous development of the portland cement industry 
in the United States as well as the amount of material used both 
native and foreign may be judged from the following table which 
gives the production of portland cement in the United States 
from 1891 to 1897 inclusive and also the imports for these years. 
These imports include shipments from Germany, Belgium, 
France, England and Denmark. | 


1891 1893 1895 1896 1898 


bbl. bbl. bbl. bbl. bbl. 

United States... 454813 590652 990324 1 543 023 3 692 284 
Pm POrts "2 ow. 2988 313 2674149 2997 395 2989 597 2 013 818 
Total.......3443126 3 264 801 3 987 719 4532 620 5 706 102 
WEXPOFLS’ ac.22 46° 14276 83682 85486 36732 


This shows that the total consumption has increased between 
30 and 40¢ and that this increase has been supplied mostly by 


\ 
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American factories, the imports having remained nearly station- 
ary. It will be noticed that in 1883 the United States also began 
to export some portland cement. With the increasing use of 
portland cement as well as the increasing number of purposes for 


which it can be used it is easily understood that an enormous 


future awaits this industry. In this connection the following 
remarks of Prof. S. B. Newberry may be quoted: 


General remarks on portland cement. The American cements have 
largely replaced foreign ones throughout the United States. This. 
is specially true of English and Belgium cements, which are gener- 
ally considered inferior to the best German brands. There is no 
difficulty whatever at present in selling a good American port- 
land cement in St Louis and Chicago at a higher price than any 
well known English cement, nevertheless the fact remains that 
there is among contractors a considerable prejudice in favor of 
certain brands of German cements, and that the latter still com- 
mand a higher price than the American. This prejudice is un- 
founded and is therefore certain to depart in time, but it still 


exists. American cements. can be made at a price which will 


allow them to be sold cheaper than the best imported German, 
and where the two come together in competition on large con- 
tracts the work is generally made to the American manufactur- 
ers on the basis of price. This was clearly shown on the letting 
of a large government contract at eae last winter. The 
offers were as follows: 


1 Belgium cement....... CaN Stal a hcl ae as ae a $2.50 a bbl. 
5 German cements, average Price... .es..4...... $2.60. “ 
4 American cements Bara Se Auta sMneeh AH utah 8 $2.28 “ 


The price of portland cement is steadily coming down and the 
fall is being hastened greatly by the successful competition of 
American against foreign manufacturers. There can be no doubt 
that within a very few years practically all the portland cement 


consumed in this country will be of domestic manufacture. The 


prices of some however will hardly be the same as they are 
now. When the demand is completely supplied by American 
manufacturers we shall have works in this country producing 
2000 bbl. a day more than in Germany and the same result 
will be reached here as in Germany, namely the complete re- 
placement of the common natural cement rock cements by arti- 
ficial portland.? 


as. B. Newberry, Brickbuilder, 1897, p. 108. 
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Portland cement industry in the United States 


Portland cement was first manufactured experimentally in this 
‘country at Coplay, Lehigh co. Pa. in 1872 at a locality in which 
natural rock cement had up to that time been made. A second 
one was at Wampum, Lawrence co. Pa. where fossiliferous lime- 
stone and clay were used. : 

According to Mr Lewis” the principal portland cement plants 
in operation in the United States at the present day together with 


their dates of establishment are: 


Co. Brand Locality Estab. 
REE UVRCE TYLON sacs, civieln eaiuia'y Hlatete Saylors, Commercial........ COPIAYA deacistae lacie oteyart cere ree 1875 
egies Shinn aNd DLO. i060 «cee WAND WNT eMicitelessiosinere ctaets VANTIN UU Arts mcoleversievalotarste 1876 
Millen and sons.........ses.ee0s URED Reb eae cera aN A SouthiBend,lndcs a. 28s aa: 1877 
MAMET ARGISONS 6.6.0 ssccb asec ees VTHTT TI calla thelal de siecefcintelsiaceiece Wiel aN GIN SN icrieisievsieisiaty stele 1892 
PARES ET ACET: COMavevlec esis s vcjeie visas Gila banqub Sy pure osceials)<1<ts\sic Ys To Givi ks cticyauetc ciolode af evel eieietsuerecar siete 1884 
PRIMES TC CIME NCOs cna cieca is Ha.6 vlereisiewis « GlemiGe Sree laveteta, tevaisielskcteteisareys ORCA, UNM IY ie\ei saiaiovarcioie sterelels este 1891 
PEA POLE, CCM: CO... ...cece oc NTIUPINE wake chateiass stents ciacsinnicieciens WACALTLOE Spi HING OY ie areiteroral cuinela'e ene 1886 
PAA ASHECTIS COS i biels eo eps tis sielelesel etic PAULUS. wiayareie ei ciell oui veal 6h afebelometar sel e Coplay, aA yomheleleicisiasrecelevarete 1889 
AIpha, POLb. CEM. COL ic scceccees> CAM TRA eitee ctralolere ealipetesafelslell\iale:s WRIA Ker oNiidic savsicre sieerdinorerae 1891, 6’94 
Wiest POrt: CEM. CO... 6.6 osc ees WESEOL MY Se ctcasiae cnretneenle sale WamktoneS2 Dil saisaciticieretioets 1890 
Ba CLGETIN <CO'W-. visio vise v0 vs. 2 IBIWCKEMEKS cyeinislavcicie sie: ssteis evalerel Bellefontaine, Of oc accn 45s 0 1892 
NAPUS KY ACOMIS COs: 5 00 occ eelen e's UGGS Asya sHeratatstaietvialsie-s clave nw te tare Sardis Kaya-1O)se reves rel aieteiserin siete 1803 
Dia DOT CEM. CO. c seas cs vase ID VANVOMG ease yeeeievsie ces ela eiet Middle Branch, O............. 1893, 6797 
Ponneville Cem: CO\.....c.. 5. - SHAM Ce nin ee chelate analy tlabavaialate Siegfrieds Br., Pa......ssseees 1894 
DRLICANITE. CEM: CO. oo .ccinciene ss Viti) CAMNIG OC yee aiclesetbreiars/eiapetala, aysiels WATT CAMIGO IN D4 sfajalealc es vletevalstcle 1895 
Glens Falls CeM. CO.....eeeeeves LrOmp Cla dice centeilers eels verses Glens'PalllsjAN. Wide atereratererane 1895 
Bronson port. CeM. CO....-..60 BOSOM. Gis ercieres «10 SED ODSBCIUE Bronson Mite his e s/cire cuicicicleisele 1897 
White Cliffs port. cem. co...... PELLET hrai1o)eselainlelalelsieloierelelelaisielejvie White Clift, Ark cic i.e. ea 1897 


In addition to these there are several smaller ones. According 
to Mr Lewis the total capacity of the American works is about 
3,000,000 barrels, of which 70¢ comes from the Lehigh valley 
region of western Pennsylvania and eastern New Jersey. 

Composition of portland cements. The essential elements of port- 
land cement are calcium, silica and aluminum. The first is gen- 
erally supplied by limestones or marl, the two latter by clay. In 
burning these three elements unite to form a silicate of a coinplex 
nature, and it is essential that they be combined in proper propor- 
tion in order to give the best results. | 

In rare instances it is possible to find a natural limestone 
which contains the three essential elements in the proper propor- 


a Mineral industry, 1897, p. 94. 
5 Rebuilt. 


1406 NEW YORK STATE MUSEUM d 


tion. As stated above limestone is sometimes used but in other 
cases marl is employed, specially in the United States: With 
marl the expense of crushing and grinding the material is saved, 
but both have their advantages as well as their disadvantages. 
The chemistry of portland cement has been most carefully studied 
by S. B. and W. B. Newberry? who come to the following conclu- 
sions: 
1 The essential constituents of portland cement are tricalci¢ 
silicate with varying amounts of dicalcic aluminate. The com- 
position is therefore expressed by the following formula: . 


x (8CaOSIO2) +Y (2CaOAl,03) 
From this the proportion calculated, i. e. : Bes, 
Lime by weight = 2.8 SiO, 1.1 Al,O; 


2 Fe,O, combines with lime at a high heat and acts like the 
alumina in promoting the combination of the silica and calcium. 
For practical purposes the presence of ferric oxid in clay is not 
to be considered. : . 

3 Alkalies, judging from the behavior of soda, are of no value 
in promoting the combination of calcium and silica and probably 
rg no part in the formation of cement. 

4 Magnesia possesses strong hydraulic properties when ignited 
alone but has none when heated with silica, alumina and clay, 
and probably plays no part in the formation of cement. It will 
not replace lime in mixtures the composition of which should 
be calculated on the basis of lime only without regard to the 
magnesia present. 

Using the formula previously given they made up and tested 


cements as shown below. 
Tens, str. 4sq. 


: in. section 
R. Ca to r 
Si A CaO . SiOz Al,O; Pat. test Hot test 7 da. 28 da. 
s , off glass 
Hen ee 2.67. 72.79 25.21 2.00 Set Maateen a Somnd, off eas ae 
sili S , off glass 
Arinate es 2.57 71.90 24.10 4.00 S° alent Fe een ard tee ae 
.3 =A ER Reels Set hard, sound 
A Teaatnite By 7 i 2.39 (0.55 22.45 7.00 off glass ” Sound, on glass, 180 205 
Silicate 74.8) a Set quick, sound é 
Aluminate 25.2 § 2.15 68.31 19.69 12.00 off glass ; Sound, on glass 105 84 


a Cement and engineering news, 1898. 4:5. 
6 Cement and eng. news, 1897, 3, no. 6, p. 85. 
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The actual composition of some leading cements on the market is 


given below. 
Palcium silicates 


R.Ca to 
Formula SiA CaO SiO, Pat. test Hot test 
2 Ca _ SiO 1.85 65.11 34.89 Set hard, hard 7 da. hard 6 wk. Sound, on glass hard 
ce 


246 CaO,SiOg 2.33 70.00 30.00 Set soft, fairly hard 7 da, hard 6 wk. 

8 CaO SiO2 2.80 73.68 26.52 Set soft, fairly hard 7 da. hard 6 wk. i 

334g CaO SiO, 3.27 76.56 23.44 Cracked soft, 1 da. hard 6 wk. os 

In good portland cement Dr Michaelis considers that the ratio 
of the total silicates to the lime should be about as 1 fo 2 
and that the variation from this ratio should only be within nar- 
row limits. Cements rich in lime set more slowly, but harden 
better than those poor in lime. Cements rich in silica generally © 
Set slower that those rich in alumina but the former harden very 
energetically in the eee | and are better for use under salt 
water. 

According to Dr Michaelis (Schoch, Mortel-materialien, p. 85) 
the celebrated German portland cement manufactured at Stettin 
in Germany has a silica percentage of nearly 25¢ with 5.7 of 
alumina and 2.5 of ferric oxid. 

A material like the chalk of Theil is for instance adinivatie 
suited for the manufacture of portland cement to be used in 
marine work, its composition is: 

silica 24 

alumina 2.80 

ferric oxid .90 

lime 70 

Schoch expresses the opposite opinion from Newberry and con- 
siders that alkalies act as a flux, and they can be replaced by 
calcined soda. He also states that they are of great benefit in 
connection with the hardening process of cement, as they con- 
vert the silica into a soluble condition so that it combines with 
the lime when wet. 

An addition of $¢ to #¢ of fluerspar is very beneficial for bring- 
ing about an easy clinkering of the materials. Nearly all cements 
contain some magnesia and sulfur, which come originally either 
from the clay or from the fuel used. Redgraves’s Calcareous 
cements states that all mixtures containing 77¢ of carbonate of 
lime will when sufficiently calcined give portland cement of fair 
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quality. Compounds with too much clay fuse too easily and the aoa 
resulting cement is light in weight, sets quickly, has a brownish 3 


color and never becomes thoroughly hard (ibid p. 39). Moreover 
it crumbles when exposed to the weather. Overlimed cements, 
_ that is where the part made of lime in the slurry ranges above 77% 
or 78%, give a cement which will stand the hottest fire without 
fusing. 

Such cements when burned are slow setting and hard a grind, 
and portland cement made from such mixtures is liable to flow 
and swell. | 

In Europe the clay is generally mixed with marl or chalk, but 
in this country comparatively little marl is used. In this country 
Prof. S. Newberry” gives 20 works as mixing limestone with 
the clay, and seven using marl, and of these latter four are in 
New York state. : ; 

Marl is cheaper to use for the manufacture of portland cement 
as it is softer and finer grained and consequently needs little 
grinding. It always has a large percentage of moisture which 
must be expelled. 

Redgrave gives the following analyses of English portland 
cement mixtures: a 

1 Mixture made at Folkestone from gray chalk and gault clay. 

2 Forest of Dean limestone and clay. 

3 Mixture from Barrow lias quarries. 

All dried at 100° ©. but 2 and 8 have perhaps also sat 
some H,O. 


| 1 2 3 
Brea ts eee A mets eo Ui Rane CSRs eee 9.50 Sei eas 
Porte er erie ay arcsec Ws pee Pee 11.838 ‘9261; eiisas 
Merrie XI d 2k a cated t's ula ee tens 3 1597. 2:49) 923s 
SE NAS GET Ben enevae taller SeRCDG ry lS cal 5.23 38.45 . 4.80 
Trongpyrites 26 Noo ieee Sh acetek Ass assene, e $023). ee 43 
Caen MCA DONATE Py. cals geste oan te ha See Sane 74:18... 75.89 s74s 
Maenesitim, Carbonate. <o. 2... vaso 25s 1.29°° > 1 SOS oe 
Caleimia etliate: +.) oriis ors sto. cerase era .18 .16 21 
WEA ae oie dialtone ne ashy eacuunes Tah cr rae setere .90 .88 .93 
ro (30 C2 eh aD ARUN OCA) Mare ne ta TAM eg ATR ara aie 31 .O9 .46 
Water. 


BOS cr a gs tae cl clan RC NLONREy crac ee) arte ae 1.82 61 .43 


aMineral resources of U. S, 20th rep’t U. S. geol. surv. pt 6. 
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A clay or Medway mud from Gillingham is as follows: 


MEMO On aie ory ee cia ese je te 38 13 | Sand 
Plmimiva and ferric -OXId ow eel 1.856 

Ee 5 Suh NRCG Nt ee a ae iage ere 95.249 | 
SeMnOMEMRU ee Ketch ide CRE TS hes ala Uae Sony 14.244 | 
PMMA ne Smet TS i ETN os 6.744 | 

NPS LUN noe eS USN aN os UA a Nik .810 

1) DEEL GAA NO IR a a 172 ees 
PeGiasi wk... 1 cf Tcl ge eas Vaeeaget Ree 20Ooe | 

RRM e UR io cad ae Re de 773 | 
merce e hfe et AN RR Pe MOR 3.384 

eee THA POS Se a Be Phe eRe 214 | 


Clay used for the manufacture of portland cement should not 
contain an excess of sand nor iron. Clays low in iron are usnally 
of a gray or blue color and light yellow on weathering. The clay 
should be fairly siliceous, and the more amorphous silica present 
the better. Michaelis (Hydraulische Mértel u. Portland-Cemente, 
p. 99) gives the following typical examples: 


1 r-4 3 4 5 6 
BNA a2 3 o'ee ew 60.06 59.25 60.00 62.48 68.45 64.72. 
(2) Ue WF G92 23 12 9 OB 2290 OO; I 64 2a Oe 
Herric :Oxid: ..'. ;.. TOSS 28250378 O00 Coo IE 80n ey Gre 
2 ee 0) OD grea Was Tos 6 80") 5/0 a, teen 
Mesa wer ree. 5 1. SON DB Or LOO A LG) peri 
BPOuAgES.. Sd. eae 5 2 Oem (es co eA Onc Meg de oe ON) ee eas 
Bears on ae Y's a Maa LOO 12 coulis toe ROL ae aa 
Calcium sulfate .. 60 2.73 .89 BOO SSN ye eae 
1 Province of Saxony...... Rept SE a eis 4 Mark Brandenburg 
BEEN OL BORIMACTI 6) ie ecs 6 sas oa Dhara 5 Medway 
Fs GSE Se SCS sh eal a a 6 


Cements high in alumina have a tendency to expand and to 
blow or to check. Magnesia is also supposed to cause expansion | 
after a lapse of a considerable interval, while sulfates are looked 
on as causes of disintegration of portland cement when exposed 
to sea water. Cements low in lime and without an excess of 
alumina but high in silica are simply of low strength as under 
burned cements. If the alumina goes above &@% it is considered 
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high, if below 5¢ it is considered very low. Mr Richardson con- 


siders that over 3% of magnesia is an excessive and undesirable © 


quantity,and the proper limit for sulfuric acid is 1$¢. The follow- 


ing are the percentages of magnesia and sulfuric acid in portland 


cements which have been placed on American mae during 
ie past few years. . 


MgO SO, 
86 ) 1.25 | 
2.79 vel 
1.81 1.24 
1.45 1.1 
1.68 1.50 
2.48 1.36 
2.84 1.53 
1.16 Mra 
2.73 1.51 
1.85 1.39 
152 132 


Specific gravity of portland cement. This is ascertained by deter- 


mining the volume of an oil which does not act on cement, such © 


as dry oil of turpentine, displaced by a known weight of cement, 
For rapid work in the determination of the specific gravity of 
cement a form of volumenometer has been devised (Min. Ind. 
1896, 5 p. 81) which is considered to be free of most of the de- 
fects found in those generally used. It consists of a small flask 


with a short slender graduated neck; the lowest graduation. 


mark on the neck is 14 c. c. and the capacity of the flask is known 
and equals 64 c. c. The instrument is used by running into it 


a 50 c. c. oil of turpentine from a pipette which has been accur- . 


ately calibrated against the flask. As the oil of turpentine is 
introduced by the pipette the neck of the apparatus is kept dry 
and the known weight of cement, viz 50 gm can be readily 
added through a small funnel without blocking the tube. The 
shortness of the neck conduces to the easy introduction of the 
cement. The plan of first placing the known weight of cement 
in the flask and then running in 50 ¢c. ce. of oil appears at first 


ds pie ea aa 
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sight preferable to the method described above but the complete 
displacement of the air entangled in the cement is less easily 
accomplished than when the cement is showered down through 
the liquid. The temperature of the oil of turpentine must be 
known but need not be fixed at any standard point, and after 
the operation the volumenometer, which is stoppered to prevent 
evaporation, is brought to the same temperature by immersion 
in the same vessel of water as that used for the stock bottle of | 
turpentine. All hydraulic cements have specific gravity such that 
the displacement of 50 gm falls between 14 and 20 cc. c. This 
renders the graduation of the stem ample, but it is obvious that 
with any material differing largely from the specific gravity of 
three, more or less than 50 gm can be taken so as to bring the 
displacement within its range. 

Good well burned cement as it comes from the mill has a 
specific gravity of less than 3.15. It is generally higher than 
this and may even reach 3.20. The specific euavily falls rapidly 
when the cement is aerated. 


7 Structure and color 

Even when ground to the finest degree portland cement shows 
sharp grains. Toa great extent the color of the product is pro- 
duced by a combination of the shades of the individual grains. 
Naturally portland cement should be white but this becomes: 
covered up by the colors of the iron and manganese compounds 
formed during the burning. 

Furthermore when fluor spar is used as a flux it develops a 
dirty grayish brown color in the clinker. Sometimes the color 
of the cement is changed artificially. 


Tests 


In addition to the tensile strength test of portland cement the 
hammer test is sometimes tried. A machine has been devised 
known as the Béhme hammer machine, which consists of a 
hinged hammer operated by means of a spur wheel. This spur 
wheel is turned by means of a crank, and the wheel acting on 
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the hammer causes it to be lifted and dropped in rapid succes- 
sion. The hammer weighs two kilograms. - According to the 
speed with which the wheel is turned the hammer can be made 
to deliver a greater or less number of blows within a given 
period (Schoch p. 241). 

Setting strength. It has been found that the final strength 
which different cements attain in the process of hardening COr- 
responds with the rapidity with which they first set. For in- 
stance a cement which sets very quickly and which may attain — 
great strength in a few hours will not as a rule compare favor- 
ably after a month or two with one which sets slowly, while 
portland cement hardens much more rapidly than natural 
cements but sets much slower. Of course there will be a varia- 
tion in this respect depending on the brand of the cement, and 
those which are considered the most desirable are those that con- — 
tinue to harden after a long period. According to Mr Richard- 
son,” American portland cements seem to gain most of their 
strength in a few days, while the German brands will be inferior 
in strength at the end of 28 days but will continue to increase 
for nearly a year afterward and finally attain an equal strength. 
Even within the narrow limits of composition allowable for good 
portland cements there is still a chance for variations which will 
produce marked differences in character. Some of these varia- 
tions have been noticed. The set of cement is much influenced 
by the amount of lime specially when the cement is under burned, 
or by a large amount of alumina. As a rule the more lime a 
cement contains the harder it is to bring about the proper com- 
bination in burning and the higher the temperature and the 
longer the heat that is required. When properly made cements 
with a high percentage of lime set more slowly but are stronger 
and better for ordinary uses. 


Composition of American portland cement 


The American portland cements are made from a variety of 
materials which resemble each other chemically rather than geo- 


aBrickbuilder, July, 1898, p.147. 
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logically. As the cement is made from artificial mixtures it is 
frequently possible to use all grades of limestone and clay bear- 
ing rocks. Though portland cement is made at many places 
and from material of widely different character, portland cement 
materials are not so very numerous and the raw products have . 
to be mixed within narrow limits. The following analyses are 
given by Lewis in volume 7 of the Mineral industry, the European 
being given for the purposes of comparison. Following them is 
also given a table showing the composition of both the American 
and European brands of cements. 
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Analyses of European materials 


Si0, Al,0, Fe,0, CaCO, 


English white chalk .. ( from SGGrGumeiicisiels .30 

Es ae ae eR ULOR eeu, LOL ter elere 74 

cs Prana ysl, LVOME (91.60 .93 .38 

fe Wh =f Ae 6.84 1.14 .46 

ae cement slurry....... 11.77 4.45 2.13 

+s us Shots Miter Grete 11.83 5.28 1.97 

“i Medway clay........ 63.66 16.10 6.74 

&¢ PSV MEI CLA Yin :< clsicio'sie's 010 « dd.83 28.04 7.78 

German Hamburg chalk..... 1 {53 50 

= ce Glayi2 saiaeie 52.50 17.35 siya 

‘ Stettin marl ........ 19.70 3.66 1.34 

<i a (ENG Aeaigogp 54.60 18.20 5.40 

a Rhine limestone.... 3.00 42 .53 

Us SO MEITCLEY, crore inte. «: vies DOE LO 19.13 8.37 

- Belgian Beerse ‘* .......00 65.50 18.58 6.01 
Ath EVISG CHALK «. visia's cee 1.42 TT 


98.60 
97.90 


eaeoee 


apecee 


CaO MgCO, MgO 
seeeee Sele Boerne 
seacee SL se etetarere 
Sonic A) “-eandt 
reece -10 
seeee . Pith | Spore 
seauce 1.29 “52 
OLE Ey wrermiciele 1.73 
weve ROD eels ws 
eRe wk noode . og 
BABE Wiielijeis de 3.24 
tesa SUI Seiac 
Feel) A podeee 3.16 
Deis . -86 
aOG,  velsielvie's 3.20 
BE ieoace 1.18 
cuseee Ae sates 


Following is the table of American cements: 


Brand 


2 
PRDEDEVC eieclate els wieisicio’a 5 o.e'« ARES Hoodoo Eta 2402, 
PANU LEDS Mics aie sare isleiei cre Brreteinie cialelsia c,ocpinresatacte 21.96 
Giant Speteietatn siotatelelvisix Bist cyol otc aiey oferta Sooo LEERY 
Saylors..... Byotercfolerele sit atcto Sd e SHG foo » 22.68 
BORER SEETN Arar viclols| etic: © aie’ sine coacere aleys.a'eisicvs ies 21.08 
PPERPPICR ioe iatalo ie! =rolsicfaie s\n 0 3G 0ic cle s'eie¥iae.s 22.04 
INT PIT ETERS a aieloeirlele) so 62s. «81 ok arelslesQace bacetielen 21.86 
LIVER CI! SeRGHBO COD AT OUCOSR OCOrRECeriae 21.80 
MAIO Sects. bo ciel oc swiss acae'e va 9% 23.08 
HEOITREQTE 3, 6 OP OA GOM DAG CRON D OUTED OOnnoS 20.95 
SVEET UES CUREES 51. icla « 6 w'v)e 0's oiwius/sis vinieie/s a'@\s i010 22.93 


Al,O, Fe,0, 


8.76 2.66 
8.29 2.67 
9.83 2.63 
6.71 2.35 
7.86 2.48 
6.45 3.41 
7.17 3.73 
7.95 4.95 
GG eh2290 
9.74 3.12 
10.33 


Below are given European cements: 


Brand SiO, 
DWE A ACITAISOM. 5 ois 35% cei win’ = soe ovine 20.48 
IDEVELR ECE. * 2-7 ne eS 20.64 
GerMania .......s06 i) dietslarcectavelelrial oe micee BeeUS 
SFP UAIUCOM Meri inlemiaw sieivieis to xissis aes eesaes 41.14 
OTTO Ele cilciaiatvsiaia siuicte <alo'ah eie-nia 4 ep .cine 23.55 
Brook, Shoobridge CO..........2eceeees 22.20 
BUNA Meare os ciete as oie vniein cs aisivib saeee laa 22.18 
Condor....... pret teacTeravcitralcjere\ stevens ate ore 23.87 
AL ATO RE cclbyeteiaielalatelatereicleletets aie 0:0" giete'eiosai6 22.30 
BOMIOLIS, ivi nisl ceca te ett Tale © sleet scle.s 22.30 


In most of the Kuropean cements the lime runs from 60 to 


Al,O, Fe,0, 
7.28 8.88 
7.15 8.69 
6.84 3.36 
6.95 4.01 
AY hG2.40 
7.35 4.77 
8.48 5.08 
6.91 2.27 
8.50 3.10 
7.00 2.50 


CaO MgO SO, 
61.46 2.92 1.53 
60.56 3.43 1.43 
60.32 3.12 feds 
* 62.30 3.14 1.88 
63.68 2.62 1.25 
60.92 3.00 2.73 
61.14 2.34 1.94 
61.90 1.64 0.79 
62.38 1.21 1.66 
63.17 Se 0.86 
64.67 94 1.05 
CaO MgO SO, 
64.30 1.76 2.46 
63.06 2.33 1.39 
63.72 132 1.82 
63.24 1.44 1.47 
61.99 1.42 1.07 
61.46 Loo 1.87 
61.44 1.34 1.56 
64.49 1.04 88 
62.80 45 -70 
64.62 1.04 -15 


H,O 
Ins, ign. 
BHP GR NS Gea’ a 
ale siete Reratwiett) 
sateen eletnate! 
cite Ronchi leone a 
1.24 7.59a 
2.53 1.826 
aleiaterg 3.38¢ 
Ginter avsl clbrohots PAGER!) 
SO; 
.20 SAE BRIS 
94 14.00d 
.32 sane! 
.99 13.10d 
5S) Wilistershsreie ad 
1.64 13.40d 
<4 reciectere 
NoaN ai a oterele .e 
Authority 


Bootle, GB. B. 


66 


Mfr’s anal. 


ce 


Authority 


B. G. B. 


‘6 


654 


while in the American ones it seldom exceeds 63%. In the French 
and Belgium cements the sulfuric acid is low in order that they 


may comply with the engineer’s specifications. 
cements made in the eastern United States generally show more — 


The portland 


magnesia than the western ones. The maximum .percentage of 


a Heath 6 Redgrave 


ce Stanger and Blount 


d Candlot 


e Michaelis 
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this material in American is about 4%, while in the European ones 
it is 2.5%. Magnesia was formerly considered very objectionable 
but opinion is now receding on this point. Those American brands 
containing 4¢ of magnesia are not shown to be at all detrimental. 

In the various numbers of the Thonindustrie Zeitung for 1897 
and 1898, i. e.vol.21 and 22, will be found a number of articles and 
discussions concerning the effect of magnesia in portland cement. 

Elaborate experiments of R. Dyckerhoff abroad have not shown 
any injurious effects to come from 4% of magnesia. 

Many American manufacturers- adulterate cement by adding 
calcium sulfate. This generally acts as a dilutant and it should 
always be stated when done. The German association has declared 
against any addition except up to 2¢ to regulate setting time. 

It is the general practice in the United States now to put in 
2¢ calcium sulfate to produce slow set. 

Tables showing the increase in strength which results from an 
increase in time occupied in setting. 


Pounds to a square inch 


Results reported by Dyckerhoff prior to 1880. 


Neat-cement Briquette Briq. 1. cement, 3 sand 
No. One sort of cement Reauing 
7 aia ces i Nea bE say abe ee | ae ae st 
d. d. wk | wk yr d d wk | wk yr 
Batt AS MERE 5,5 eiemtavele ssine ois 0° 20’ | 323} 405, 518! 620: 700| 115} 168 | 2388] 302 360 
2, Same w. .5% gypsum ..| 3° 30’! 315 | 456 | 572 | 623 | 650] 142] 212] 339 | 353] 390 
3 « 1% * ..[ 10° 0°) 875, 508} 568| 695 | 780] 159} 238| 311 | 368! 384 
4 ce 2% Ke ..| 14° 0’ | 4238 | 543] 688 | 718 | 805} 180! 263 | 305 75 410 
5 | Nogyp. but keptin store 
for some mos. .......| 10° 80’ | 318 | 450) 550] 592 | 618 | 168 | 218 | 318 | 360 431 
1 


Results reported by John Grant in 1880.° 


Mixture : 7d. 31d. 60 d. 90 d. 
feria. averave Ol a7. 2 se asta oes .. 107 159° 386er2om 
1-1 “ w..H.SOQ, added to water; aver- 

BS ONO, LIC WE Wr eatin eon ie ee 129 227 260 255 


aPro. Inst. civ. eng. 62:92 
bIbid, p. 89, 90. An 
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Resulfs replaced by Prof. Tetmajer in 1894.4 


% of plaster Strength of sand briq..1-3 lb. 
Number of cem. paris added sq. in. 


3d. 7d. 28 d. 


? OF 160. 248 

Pr ee PY, Ons 912 998 
L ae es 167 254 
( 03 1k Ee 98s ee Og 
| 51-995: : 980R 344 
| 10; OOF 300 e408 

EM rte eS hh Le 1 5u 930... SSI 25398 
| 9.0 182 290 400 
| 2.5 184 295 390 
3.00 415 985, 29888 

Results of Candlot in 1891.2 
: Sulfate lime 
- Mortar Time,d. 00 Ib. 1% 2% 3% 4% 


WAR G4 583° 435), 2 864 
98 673 738 674 790 483 
7 923 252 9263 185 196 
Opt Sas 8774 BT: 26 eee 


Heat eem. briq..’......:. 


1 cement to 3 sand briq... 1 


Lewis considers these results remarkable as regards strength 
and not explained. 

Candlot shows in a series of experiments that the slow set is 
due to the fact that “ the sulfate in conjunction with free lime 
present in the cement prevents hydration and reaction of the 
aluminate of lime. As it is this salt which determines the set, 
the cement accordingly becomes slow setting. The necessity of 
free lime being present is shown by the fact of its slow set dis- 
appearing as the lime becomes. hydrated by exposure.” 

No advantage in strength due to the addition of sulfates 
is gained in long time tests. 


Burning portland cement 


The furnace practice is quite varied at the present time in 
America. The style of the kiln first used for portland cement in 


@ Mitth, d, Ans. zur Priifung vy. Baumaterialien, 7 Hft. 1894, p, 39. 
bCiment et Chaux. Hydrauliques, Paris 1891, p. 254. 
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this country was the English dome kiln. This kiln represents eee 


English practice of 25 years ago, and kilns of this type are more 


numerous yet in America than any other style. They are inter- 


mittent in operation. In preparing the kiln for burning it is ; 


customary to pile wood and coke for several feet above ‘the — 


grate, and then above that dried slurry and coke in alternat- 


ing layers up to the door at the base of the stack. The doors 
in the side of the kiln are then sealed up, the fire started 
at'the bottom and allowed to burn its way through the clinker 
to the top. The doors are then opened and the clinkers dis- 
charged through them and from the bottom. The kiln is then 


recharged for another burning. The operation is then repeated, » 


the kiln being recharged about once in a week or 10 days. This 


kiln is rather expensive in fuel and produces an output averaging 


only three to six tons of cement a day in a month’s run, A 
good deal of sorting and picking of the clinker is required to 


exclude the underburnt and vitrified material. Until 1889 these ~ 


were the only kilns used in this country. At this date however 


the Atlas cement co. of New York began to experiment at Coplay, 
Pa. with revolving continuous kilns, employing crude petroleum 


for fuel. The oil was blown in by jets at one end and the pro-. 


_ ducts of combustion passed into a stack at the upper end of an 
inclined revolving cylinder. This kiln has been patented in Eng- 


land by Mr Frederick Ransome who also secured an American — 


patent for it. Since 1889 it has been successfully developed and 
used by the Atlas co. and other manufacturers in America. 
Though this type of kiln has been unsuccessful in England, in 
this country there are about 40 of them in operation, both on 
the hard raw material of the Lehigh valley and on the soft, wet 
marls of Ohio and Michigan. The revolving continuous kiln 
therefore is to all intents and purposes an American device since 
its only successful development has been in this country. Origi- 
nally employed with producer-gas it was subsequently modified 
so as to use jets of crude petroleum, while latterly experiments 
have been made with a view to utilizing pulverized coal as fuel, 
and several plants are working kilns employing this fuel. 
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The raw materials for cement enter this kiln in dry powdered 
form by a spout at the upper end and are carried forward and 
downward by the revolution of the furnace towards the fireplace 
_ at the lower end, the burnt clinker finally falling out of an open- 

ing at the lower end of the cylinder. Certain improvements in 
‘the way of auxiliary cylinders for regenerating the heat in hot 
-clinker have been perfected, and the Atlas cement co. has also 
worked out a scheme for sprinkling and cooling the clinker in a 
third cylinder so that when discharged from this it will be ready 
for immediate grinding in the mill.? 
At Yanktown, 8S. D. the Johnson type of kiln is used. This is 
quite similar to the dome kilns ‘but has long horizontal flues 


-- between the kilns and a central chimney. In this flue and on 


top of it the wet slurry is deposited and is dried by the products 
of combustion. The kiln is then recharged by taking up the 
dried slurry from the bottom of the fiue and placing it with 
layers of coke in the kiln. 3 

The Dietzch type of kiln is also used especially in Ohio. This 
kiln is the most successful of the German kilns at the present 
time, being specially economical.in fuel and producing a much 
larger output than any form of noncontinuous kiln. 

In 1893 the Coplay cement co. built a kiln of the Schoefer or - 
Aalborg type which is quite similar in its conception, to the 
Dietzch kiln, but instead of an offset in the shaft it is narrowed 
in the center above the stoke-holes so as to produce a high tem- 
perature in a narrow zone. This kiln is also economical in fuel 
but like the Dietzch kiln is rather expensive in manual labor. 
The Coplay co. built eight more of these in 1893, and the year 
following the Glens Falls cement works, of Glens Falls, N. Y. 
built six of them. In 1896 the White cliffs portland cement co. 
of Arkansas built a plant also with Schoefer kilns. Fig. 6 shows 
a section of the Aalborg kilns. ate 

In 1897 designs were under consideration for a continuous kiln 
of the French type, approaching in general scheme and outline 


aMost of this description of the process of burning is taken from Lewis’s article in 
Mineral industry, p. 7, already referred to. 
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a new continuous kiln perfected in France in recent years. This 


kiln is not so economical in fuel as the German or Danish kilns — 
but is extremely economical in manual labor. None of them has 
as yet been built in this country. » | 3 : 

Accordingly there are in present use in portland cement manu- — 
facture five different types of kilns requiring three different 
methods of preparation for the raw materials regardless of dif- 
ferences of preparation which may be cepa’ due to the char- 
acter of these materials. 

The kilns, plant, etc. of the leading manufactories are as fol- 
lows: 


Approximate 
output kiln ~ 
é ; barrels 
Manufactory Kilns No. a day 
Coplay cement con... 4 ks Schoefer continuous... 9 55 
Coplay cement co........... Ordinary intermittent.. 23 30 


American cement co. Egypt .. Ordinary intermittent:. 56 30 
American cement co. Jordan .. Ordinary intermittent.. 6 30 


Atlas cement co....... .... Revolving continuous... 20 150 
Alpha cement co............ Revolving continuous.. 8 150 
Vuleanite co.......- ....... Revolving continuons.. 3 150 
AMOI 5 COL Io cepa Revolving continuous.. 4 120 
EAEOMSOUsCO a7 ac Meo Revolving continuous.. 3 120° 
PRNTEEO 0 Ors 1c ON Rae Nees al Ordinary intermittent... 18 130 
Grete. Malls co, eo ae... Schoefer continuous... 8 60 
Waite chitts. Ark (orcs. 2: Schoefer continuous... 8 60 
Buckeye cement co.......... Ordinary intermittent... .. 30° 
Buckeye cement co.......... Dietzsch continuous... .. 50 
Diamond cement co......... a Dietzsch continuous... ..  .-+-_ 
Wanknpons: (Die ees 2 ree Johnson intermittent... 6 
Bonneville cement co........ Revolving continuous.. 38 150 


A new plant near Egypt, Pa. and another near Sandusky, 
O.are both installing revolving continuous kilns. 

The character of the kilns being understood the preparation 
of raw materials can now be more readily discussed. This is 
described by Mr Lewis as follows: “To accurately proportion 

a Mita cla all a A aA ve MeN MC SE ta 


a Rebuilding. 


bigs 2 
ee hi 
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the raw materials and to perfect an intimate mixture of them are 
the prime factors.in making good portland cement. Other things 
being equal the more exactly the proportions are maintained the 
greater the uniformity of the cement, the more homogeneous the 
mixture and the finer the state of division of its particles the 
greater the strength and hydraulic energy of the product.” Ad- 
mitting these points as axiomatic there is yet of course a practi- 
cal limit in cost of preparing raw materials which can not be 
exceeded in successful manufacture. It is thus necessary to 
achieve on a commercial basis as perfect a mixture as may be. 
In dealing with so many different grades of raw material there 
is here an opportunity for the exercise of intelligent adaptation 
of plant to conditions. At the same cost very different results 


- may be obtained from different apparatus. Indeed in this whole 


matter of handling raw materials technical skill finds an ample 
field both in accounting for and proportioning mixtures and its 


adaptation of plant. It may be frankly admitted that in this 


respect representative American manufacturers are not yet ona 
par with similar French and German works. In laboratory 
facilities and in executive staff European works are superior. 
The chemist occupies there an assured and responsible position 
which he has not yet been accorded here. In the general 
excellence of plant per se, however, American works are now 
quite on a par class for class with those of continental Europe. 

The simplest method of preparing raw materials in American 
practice is that in use for the hard, dry raw materials of the 
Lehigh valley, which are burned in revolving kilns. It consists 
in reducing a suitable mixture of rock to a fine powder. This 
powder is fed continuously into the upper end of the kiln and is 
carried forward and downward towards the fire by the revolution 
of the inclined cylinder, emerging as clinker from the lower end. 
There is no preparation of raw materials anywhere in the world 
so simple and inexpensive. The revolving kiln first became a 
commercial success with this class of material in eastern Penn- 
sylvania, and undoubtedly it is with these argillaceous lime- 
stones that it can be employed most advantageously. 
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To prepare the same raw materials for shaft kilns of any type 


requires three handlings, namely grinding the rock, making the 
ground rock into bricks or balls, drying the bricks. 


va) 


In Pennsylvania a portion of natural rock cement is regularly 


added in the rock mixture to give plasticity and cohesion to the 


bricks, which would be entirely lacking without it. When clay — as 


and hard limestones are the raw materials two different methods. 
have been used. In the first the limestone is calcined and slaked. 


A mixture is then made of clay with the slaked lime. In the — 
other method the clay is first dried and ground and then mixed 


dry with pulverized limestone. In both methods the resulting 
mixtures are then made into bricks and dried for burning. 

In preparing the wet marls and clays of New York for burning 
in shaft kilns the approved practice is to first dry and grind the 
clay and to then add it in proper proportion to the wet marl. 
The mixture is then perfected in pug or edge runner mills and 
the slurry is balled and dried for calcination. 


Various methods of balling slurry are employed. Sometimes. 


it is spread on a floor and cut up in blocks. Brick-making ma- 
chines discharging a continuous stream of slurry which can be 
cut to size by wires or knives are employed in both New York 
and Pennsylvania. The German dry brick-press requiring only 


a small quantity of water in the mixture is in use in one plant. - 


With marl and clay, or chalk and clay, it is unnecessary to make 
bricks; the material separates into lumps by shrinkage and dry- 
ing and can then be broken easily to suitable size. This is the 
practice abroad with kilns of the Johnson type and in drying 
_marls and clays for shaft kilns in New York state. 


For the preliminary drying of clay a revolving dryer of some 


form or other is found most satisfactory, while for drying brick: 
or balled slurry tunnel dryers are better. Narrow brick tunnels 


are used and the bricks are stacked on shelving fitted to light ~ 


cars which are run into the tunnels. Drying is effected either by 
heat from steam coils set in the bottom of the tunnels or by a 


current of heated air passing through them. This system of © 


balling and drying slurry is taken from German practice and is 
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expensive under American conditions. Simpler methods follow- 
ing the recent English or French practice of handling the slurry 
by pumps and drying in flues or on floors of waste heat from the 
kilns would be a much more economical method of dealing with 
wet raw materials. The recent French practice with such ma- — 
terials is superior to anything yet suggested for reducing cost of 
labor in handling and drying raw materials which require to be 


-~ balled from slurry before calcination. 


A very simple method of preparation of wet raw materials for 
the rotary kiln is now in use in Ohio and Michigan. The raw 
materials there are wet marls and clays and it has been found 
practicable to introduce these materials in a humid or semi- 
humid condition and burn good clinker. At the works at San- — 
dusky the material is introduced in a semi-humid condition while 
at Bronson the slurry is introduced into the upper part of the 
kiln by a pump. es 

With respect to crushing and grinding machinery for hard raw 
materials and for clinker American practice is excellent. 
Crushers of the Blake or Gates type are used for the first re- 
duction, and crackers for the coffee-mill type, millstones and im- 
proved mills for the fine grinding. The Griffin mill is an Ameri- 
can invention which has found much favor both here and abroad. 
Its fine grinding is causing it to be favored for raw materials also 
to the neglect of millstones. In the Alpha works of New Jersey, 
the Glens Falls works in New York and in a new plant of the 
American cement co. at Egypt the Griffin mills are used on raw 
materials to the advantage of the product. The German ball-mill, 
in which grinding is effected by the impact and abrasion of steel 
balls rolling freely in a revolving cylinder, has also found favor 
in recent plants. The material enters by a hollow shaft and passes 
out as it is sufficiently reduced to go through screens surround- 
ing the cylinders. The ball-mill has been employed on clinker for 
first reduction only in conjunction with Danish tube mills to do 
the finer grinding. In it the grinding is done by the impact of 
flint balls and with a moderate feed very fine grinding can be 


> ah Freee . ~ + as a ioe z > ag Ot Tee PN SS et Ce ee 
T= 3s ; y eS : - ng ey REDE Fy, 2 
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done. Because of the simplicity of the means employed these : 
mills have evident advantages. er , 
A rather singular omission in American grinding plants is the 
absence of separators. In gradual reduction of materials the 
use of separators to remove the fine stuff before the material — 
passes to the mills is advantageous, because it relieves the mills fe 
of that much material and increases their output. Wind sepa-— 
rators are very generally used abroad, but are not common here. 
The fineness of the best American cements is unsurpassed in = 
any practice and as a general average is superior to foreign-made — 
cements. The following table gives some comparative figures 
in this respect: | 


% passing sieves 
no. 50 no. 100 no, 200 


DAW IONS os. Sarai: aia tee oath ey ei aneeet 100 96.4 

GiBtt ea ae Sats Pee een oe a. 5 aoe 94.9 

BORLA eo wie ele, ask we eae ee 99.5 92.7 
cup iclree  ca i ha. adh Srercoay« Stee RO LObD PS te 99.7 94.8 

PV GNGeINUO ois. ort i ck ee mee ete 99 6, 95ad 

RMN UGK <a ttc eee seers Inia eau eee 9 Go g2 eS 
Brooks, Shoobridge & Co.............4.. .. 98.8 -2 8825 eae 
BAUER toc oo cs tok oe epee eo ian ee ee oe ee 99.7 92.4 68.4 
WyyCkerliOl (sn. 2 eae. Se de ee eee io 
BYOMOORO eae! og! eens acs cs cca eee eee 100 990. aan 
ACeVM ATLA 202. He ec es ory eae ee ee eye 
MOOUGOL os aR ee os 8s ee oe eee ee aca 99.6 88.5 


Criteria of quality 

The only standards in testing cements which command any 
general recognition in America are the recommendations of a 
committee of the American society of civil engineers. The re- 
ports of these committees are found in no. 276 and 315 of the 
society’s transactions. The work of this committee has estab- 
lished practice on the following points: 1) the form and section 
of test briquettes; 2) a standard quality of sand; 3) standard 
sieves for sand; 4) standard sieves for determining fineness of 
cements; 5) the rate of speed in applying stress in testing (400 
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lb. a minute); 6) normal pat tests for constancy of volume; 7) the 
proportioning of test mortars (cement, water and sand) by weight. 

By fixing standards in these important respects the committee 
has rendered a very great service to this field of investigation. 
The only tool suggested by this committee for manipulating 
mortars was the trowel. At first very great differences in results 
were obtained by different operators manipulating mortars in 
this way. In recent years however, as good laboratories and 
skilied operators have become more numerous, there has been a 
great improvement in this respect and fairly comparable results 
are obtained. It is an open question whether a change to the 
foreign practice of employing mechanical hammers would now — 
afford any improvement. A new committee of the society is at 
present considering methods with a view to revising the old re- 
- port and extending its scope. 

In specifications, test requirements are usually fixed as follows: 

For natural cements: fineness, normal pat tests, tensile 
strength one day neat, tensile strength seven days neat, tensile 
strength seven days, one to two standard sand. 

For portland cements: fineness, setting-time, normal pat 
tests, tensile strength at seven days, one to three standard sand. 

A weight to a unit of volume is not used, the specific gravity 
determination being substituted for it to great advantage. There 
is a very frequent use of the boiling test in some form or other. 
Many of the specifications for this test are very badly considered 
and illogical. As Dr Michaelis originated this test it may not be 
amiss to state what the boiling test is as Michaelis makes it, to wit: 
A thin pan of neat cement three inches in diameter, one half inch 
thick at the center and drawn to a thin edge at the circumference, 
is prepared on a piece of moist filter paper set on a glass plate. 
After setting the cake is removed from the filter paper and placed 
under cover in a damp atmosphere to protect it from surface 
drying for 24 hours, at the end of which time the cake is put in a 
covered bath of cold water. This bath is then heated to the boil- 
ing point and is maintained boiling for three hours. The pat is 
then taken out and its condition recorded. 
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The standing of an accelerated test of this character is not yet 
satisfactorily established nor has it yet been adopted in standard 


specifications abroad. A test of pats in vapor and after setting _ 


.in water at 115° F. which was suggested by the late Mz = is 
excellent and entirely free from objection. 


With respect to tensile tests of cement the requirements of 


specifications have been thrown into much confusion by the dif- 
ference in strength at short periods between cements treated 


with sulfate of lime and untreated cements. The facts in this 
regard are fully set forth above in dealing with sulfate of lime. 
The value of additions of sulfate resides entirely in regulating 
setting time to make cements more suitable for the uses to which 


they are to be put. The increase in strength incident to the treat- 


ment is without ultimate advantage. Since quick setting cements 


free from sulfate of lime are important for certain uses, it ap- 
pears necessary to distinguish between the two in specifications. 
This is done abroad both in the German and Swiss standard 
specifications (see German and Swiss Normen). For tide-water 
work, for work in wet bottoms, for concrete deposited in water, 
for grout, for work in freezing weather and for rapid construction 
of concrete masonry, quick setting cements are indicated by good 
practice. When used for such purposes, a distinction in test re- 
quirements is desirable. European standards for strength are as 
follows: German Normen slow setting cement, 227 lb. one to 
three at 28 days; German Normen quick setting cement, less 
than above; the setting time is to be considered with the strength. 
Swiss Normen slow setting cement, 227 Ib. one to three at 28 


days; Swiss Normen quick setting cement, 199 lb. one to three . 
at 28 days; French quick setting cement, 285 lb. neat at seven ~ 


days; French quick setting cement, 285 lb. neat at seven days; 
French quick setting cement, 114 lb. one to three at seven days; 
French quick setting cement, 498 lb. neat at 28 days; French 
quick setting cement, 213 Ib. one to three at 28 days. 

In America there are no standard test requirements for 
strength of cements and nothing approaching a standard specifi- 


cation. The whole matter is in an extremely unsatisfactory con- — 


‘ eS a . 
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dition bothas regards the manufacture and purchasing of cement, 
and some definite agreement on these points is very desirable. 


Uses of cement 


Hydraulic cements are employed in America to some extent for 
all the purposes for which these products have been used in Eu- 
rope but the relative development for different uses has been dis- 
tinctly different here from that abroad. For sidewalk pavements 
portland cement concrete has probably been employed in America 
to a greater relative extent than anywhere else in the world and 
with very satisfactory results. On the other hand the use of con- 
crete for monolithic construction in masonry, arch bridges, tun- 
“nels and sewers has been much less exploited here than abroad. 
The best work in massive concrete construction is probably that 
which has been done in New York harbor, where large monoliths 
have been made by the New York department of docks. These 
blocks are not made in situ but are prepared in large timber 
forms and allowed several weeks’ or months’ hardening in the ~ 
air before being placed in dock and bulkhead walls. Blocks of 
this kind made by the New York department of docks weigh as 
much as 65 to 70 tons and have proved a very satisfactory type 
of construction. . | 

The work which has been done on the Wallabout channel in 
Brooklyn is also a notable and successful use of monolithic con- 
crete masonry for this purpose. In this work the concrete was. 
deposited in situ but as the water was excluded by coffer dams. 
the concrete had some months’ hardening in the air before being 
subjected to the action of the salt water. 

Some few bridges have been built in concrete arches, the most 
considerable work in this line having been done in what is known 
as a Melan arch construction, in which steel beams are bedded in 
massive concrete. 

A use of hydraulic cement which promises a great develop- 
ment and probably a unique development here is in floor arches 
in fire-proof construction. A great deal of work of this kind has 
_ been done in the larger cities within the last few years, and some 
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very interesting comparative tests between this method of con- __ 
struction and the hollow tile arches have been made in New York 
city under the auspices of the New York bureau of building in- ee 
spection. In these tests the result obtained from concrete ashes 
has been extremely satisfactory. Itisafact that cement clinker 
is produced at a considerably higher temperature than the ordi- 
nary fire-clay tile. This is specially true when the cement clinker 

is compared with the hard tile which is semi-vitrified in manu- 
facture. The temperature at which cement clinker is produced in ‘ 
kilns undoubtedly varies with different compositions, but with a — 
percentage of lime of 62 or more in the cement it can be taken for 
granted that the temperature of calcination is between 2800° ° 
and 3000° F. When the cement is made into mortar it of course © 
takes up water which it will lose again at a red heat and in thus 
losing the water of hydration it will also lose considerable 
strength. The results of the fire tests however show very clearly 

that while there is a loss of strength in this way the cement does 

not disintegrate or lose body. On-the contrary the effect pro- 
cuced is to render the concrete which is in immediate contact 

with the fire light and porous and this constitutes a non-con- 
ductor to the body of the concrete beyond it. In a variety of 
different constructions the concrete has very successfully stood 

fire test in this way, and indeed results have been so satisfactory 

and construction of this kind can be effected at such moderate — 
cost that there seems to be no doubt that there will be a great 
development of the use of hydraulic cement for this type of 
construction. 


DESCRIPTION OF THE LIMESTONE OCCURRENCES BY COUNTIES ~ 


The general distribution of the limestones can be seen from 
any good geological map of the state. In the following pages 
those counties are mentioned in which the limestone formations 
become of importance. It is of course not possible to give a de- 
tailed description or analysis of every quarry but still it is hoped 
that enough is given to enable those seeking certain kinds of 
limestone to find them more quickly. ee 
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Albany county 


The only limestone formations in this county are the Helderberg 
and the Corniferous. The former are specially conspicuous as 
they form the Helderberg escarpment which in this county reaches 
its greatest elevation. 

Onondaga limestone. In Albany county this formation appears 
as a terrace extending along the foot of the slopes formed by the 
Hamilton shales. In the northeastern face of Helderberg moun- 
tain the outcrop is narrow but it widens to the westward being 
a mile and a half at Thompson’s lake, and after narrowing it 
again becomes three miles wide in the long slopes northwest of 
Berne. The formation in this county is a light bluish gray, 
tough, massive limestone, quite pure but containing lenses of 
chert. The chert is chiefly abundant in the lower beds of the for- 
mation. At times it disappears altogether but this is not usual. 
One of the best ledges of Onondaga limestone is in the cliffs near 
Oniskeihau creek at Clarksville. 

Helderberg limestone. This reaches a large development in Al- 
bany county and is divisible into several well marked members. 
The foremost of these is the Becraft, also known as the Scutella 
limestone. This rock is of light color, often crystalline and full 
of fossils. Its average thickness in Albany co. is about 15 
feet, and its composition may be inferred from an analysis given 
of the same bed occurring at Rondout, Ulster co. and Hudson, 
Columbia co. One exposure of it is in the creek bed south of 
Callanans Corners. Underlying the Becraft limestone is a series | 
of different beds of very impure, highly fossiliferous, shaly lime- 
stone gray and grayish brown in color and probably too impure for 
any use except building or road making. Their thickness averages 
100 feet. Underlying these however comes the Pentamerus 
limestone which is an important member of the Helderberg for- 
mation. Its escarpment is marked by lines of prominent cliffs. 
It is usually cracked, and its color is that of a red, bluish gray 
limestone which is of a lighter color on the weather surface. 
The beds are often cut by vertical joints and there may be occa- 
sional Jayers of shale. The Pentamerus limestone in Albany 
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county has an average thickness of 65 feet. It is a well known for- oo) 
mation and has been quarried for lime at numerous points 5 


~ 


throughout the state. One of the best exposures of this stoneisat 


the Indian Ladder. Underlying the Pentamerus bed is a series of 


thin bedded dark blue limestones, which generally crop out at 
the base of the Helderberg escarpment but are frequently hidden 


~ 


by the talus at the base of the cliff. These Tentaculite lime- ~ 
stones are often of a shaly nature. Their thickness along the 
eastern face of Helderberg mountain according to Darton is : 


about 30 feet. They are also exposed at the Indian Ladder and 
at South Bethlehem. An excellent section of both Pentamerus 
and the Tentaculite bed is seen in Callanan’s quarry southwest of 


South Bethlehem, analyses of which are given below. Under- aA 
lying the Tentaculite are the waterlime beds, also exposed at 


Indian Ladder and in the floor of the quarry at South Bethlehem, 
and at both localities they are about four feet thick and represent 
impure magnesian limestones.% 

The following analyses made for this report will indicate the 
character of limestones of the Helderberg series in Callanan’s 
quarry at South Bethlehem: 


Lower third of quarry 


SECs ie ceca teen wit ame ot Npniole Se anes Nass Sotan es 9.05 
ROVriG Oxi oie sacl. 2 acne a5 wine ae ene 99 
ATAU we eis rb ic igo c's etl Sone we aaa are eee 6.66 
LIME CAL WOMALE 45 acs wa e-Aie=e sie ae a Tee ae 79.86 
Magnesia carbonate ..... aa ese es Ras 4.17 
100.73 
Middle third 

SUA ai ter. ote ahaa Mei ame ato Md etecer st ae Sede 
iN EU CADE LE: Renu Cana Mam eens lp (UN cee Sm ean “Mi 1.45 
PPERTIO OKIE fe eee tek vals lew nine 74 
LOVU TY PO ig Aire RRP ry dats 2c ele nM a Se Ne. 48.34 
Mapnesiay oor en Geese eee Rea eee 2.938 
Carbon? iowa: crease we tele eee ee 41.22 
99.80 


aDarton’s geology of Albany county, N. Y. state geol. rep’t 1893. 
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Sipe third | 
MBE ee agai en cis cis ees bie elatane aac get ee aries 11.16 


PENSION Cle are he ec etettek id nid aims blae ene. 6 Piss 
on TTL SSS See get coats Seach ra el 3.35 
imme carbonate... so ..c eda eee MOONE at eel 79.06 
IAPTeSIA CALGONATE.. yo. pet fet Se oes oe 6.65 
101.37 


A sample of Howecave limestone was analyzed by’ C. A. 
Chaeffer, but its location in the quarry or even the particular 
quarry are not given so that it has little value. > 

: PRI CATO ONALCY cise Ok vk'g tele wi hea aiela sis See e 97 .24 

EIIG OXI AMCs ALUMINA gee soos (ee 8 arom ws Z 03 


Columbia county © | 
Becraft limestone. The limestones in the eastern part of the 
county are of little importance on account of their impure nature, 
but on Becraft mountain east of Hudson the stone has been ex- 
tensively quarried for a number of years to supply the furnaces 


- at Troy with flux. The quarries are all owned by F. W. Jones. 


The limestone is a coarsely ‘crystalline, fossiliferous rock, of 
moderately pure and quite uniform character. The stone has to 
be hauled 600 to 1000 feet to the railroad siding, thus permitting 
easy shipment. 

The following analyses, no. 1 by T. Egleston and no. 2 by the 
chemist of the Burden iron works at Troy illustrate the character _ 


of the stone: 1 y) 
UIE SS RecN eee PE Paar feist area. 
SME CAPM OMALC! 5-5-6 si cbes es «020 akeiee ooo ae 91.70 
ICOM IONIC. of,. di sie's co + ee benae So 739 fp 8 Dae ee 
PEsP Mes CATDONALE. ie. ek es a ale es 3.51 
MP RIBOSIA 9 o)'o tshc ccs coe wteiehied ss 2.233 
Polina’ oS, 53 SA a Ae opted a .635 1.01 
ING PN 1G ob. Ux vv chs iv vine woes oes 1.819 .5o 
SEB eh ko Nas Sein eee eee 1.842 1.89 
Rep STOR VG 0505s oousc 6 6 6s: oo iw. oh ers 145 049 
Fee UGheTPLT OC) POIIED (50 5 ghia 2i's's' v2 are cise e's she 6 149 022 
Reet Ss oS as. Pe Apres a 271. 


99.685 98.731 
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Clinton county 


The Trenton and Chazy limestones occupy a broad belt which 
extends along the western side of Lake Champlain from Peru 


northward to the Canadian boundary, the western edge passing 
close to West Chazy, Chazy and Coopersville. | 


Chazy limestone. This limestone is well exposed at the village 


of Chazy as well as in other portions of Chazy township, specially 


just north of Plattsburg, and on Bluffpoint two miles south of 


the latter place, whence it extends south into Peru where the 


lower portion of the formation is well shown. The aggregate 


thickness of the Chazy limestone at Chazy village is 740 feet, 


while at Valcour it is said to be 890 feet. The rock is quarried at 
a number of points either for obtaining marble, rough building © 


stone or stone for lime. , 

Black river limestone. The rocks of this group occur as massive 
dark colored beds, but are well exposed at numerous points in 
Chazy overlying the Chazy limestone, but outside of the village 
and in Chazy township it is not very well exposed. According 
to Cushing it has a thickness of 30 to 50 feet and is a brittle 
black limestone with a conchoidal fracture. 

Trenton limestone. This is also well exposed in Chazy town- 
ship and in addition in Plattsburg township. Cushing states 


that in the bed of the river just east of the Chazy village 150 feet 


are exposed lying on the Black river limestone, while on Crab 
island about 200 feet of it can be seen. The lower portion of the 


Trenton limestone generally exhibits beds of a slaty character _ 


and is probably of insufficient purity for any chemical use except 


that of making common lime and for fertilizing purposes. Also ~ 


in northeastern Plattsburg township, and extending into south- 
eastern Beekmantown, the rocks according to Cushing form a 
series of black slaty limestones which are excellently exposed 
on Cumberland head.¢ 


a Cushing. Geology of Clinton county. An. rep’t N. Y. state geol. p. 518. 


Cay. 
Ly. 
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The Chazy limestone is of high purity and makes a most ex 
cellent quality of lime. 
The following is an analysis made on De, Newland: 


<5 7) DEST oN © hcaanskee le Ut aR SE So yee a a | te, 
Pe ANG LErPiG ORIG. so bs wise ape ono lle 09 
MEMES C ATOM EC Tie Cale tere es ok Shealig Bho ee. 8 96.24 
MEeNESIUIM CATDODALC 6.60). eles Wa wee ole 3.02 

100.37 


The quarries are near the railroad and the product can ‘be 
easily shipped. 

Dutchess county 

The limestones in the eastern part of the county are a continu- 
ation of those found in Westchester co. and follow the line 
of the Harlem River R. R. while those found in the central and 
western portions of the county are a continuation of the Orange 
co. Cambrian limestone belts. The former are metamorphosed 
limestones and partake of the nature of marble, being highly 
crystalline, while the latter are not. 

The eastern belt. While there are outcrops of the limestone at 

a number of points in the valley followed by the Harlem rail- 
| road, only two large openings have been made. ‘These are at 
Dover Plairs and South Dover. 
_ At Dover Flains G. aud J. Hd. Keschara have operated a quarry 
along the highroad one half mile southeast of the town. The 
rock is a soft, fine grained dolomite of gray or white color. The 
opening is about 200 feet long, 20 to 80 feet wide and 10 feet 
deep. No analysis was made of the stone but several samples 
were examined to determine their insoluble matter, which ran 
from 24 to 34. 

The South Dover marble co. has a large quarry on the hill two 
and one half miles northeast of the station. The rock is a fine 
grained white dolomite and has hitherto been used only for struc- 
tural purposes. It has to be hauled to the railway. 
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The rock in appearance is very free from impurities. The for @ 
lowing analysis of the rock was furnished by the superintendent 


of the company: 


SICA Ooo kiay alia ee dae ori eee eto | 10 
CRTC: (ORIG. eee Sha aoe eae ee st Wie 
Alumina ,7so. be CoS ees ee of 
DSO OG Se Wa) eles see tomes bee aie cee 30.63 
Mi OOS sss 6S Leia e Ware Bic oa se eens ees 20.25 
OG sees ss oe Sian ae energy auto Ne t coaeegy 
POba Slats Gs acess ce eee eee eee 46 


The limestones in the western part of the county are usually a 
hard, fine grained bluish gray rock, containing less magnesia 
than the whiter phases to the southeast and east. 

It has been used for lime but on the whole is too siliceous so 
that the resulting lime would be lean. ? 


Large quarries have been opened in this belt of Calciferous as 


its siliceous nature makes it a splendid material for roads. An 


analysis of this stone from Clinton point two miles above New 


Hamburg gave: 


med ss es Dee at eee 29.07 — 
MARS IESTa rs reti ras de aoe Pe eee 16.29 
Carbonic@aeids is 0. Oe Pee ee 40.76 
PN VEUTIMIVA  ecyei ears 6 ke eS gugedve RM ee eee ee Dives 
Peel ENCE O LC p-cIi C Beh MUN I SARE a Cat tear es MPG Ue ef 
PSMA she arauatee oad so Side a a celate eee neees 10.17 
99.09 


Erie county - 


The only limestone formations represented in this county are » 


the hydraulic or water limestones, the Onondaga and the 
Corniferous. According to Bishop: 

The northern edge of the Corniferous limestone together 
with the Onondaga limestone and the upper part of the 


hydraulic limestone form a well marked escarpment, which 
runs in a general southwest direction from the Genesee 


aGeology of Erie county, 15th an. rep’t N. Y. state geol. p. 305. 


id 
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county line to Buffalo. Most of this distance the escarpment is 
nearly parallel to the Blcomingdale and Williamsville road. The 
hydraulic limestone is generally visible at the base of the escarp- 
ment where it forms a layer of variable thickness in the face of 
the cliff. Sometimes it forms a terrace from a few feet to 200 
yards in width which runs parallel to the escarpment. This is 
specially well marked between the Williamsville and Buffalo 
city line. The Onondaga limestone in Erie county forms a thin 
band between the hydraulic limestone and the overlying Cornif- 
erous limestone. It varies_in color from blue gray to a light 
gray, and also varies in thickness, reaching its maximum of 35 
‘feet in Fogelsonger’s quarry at Williamsville. It is the same 
thickness two miles further on but then begins to thin outrapidly. 
_ The formation in Erie county instead of being of one continuous 
bed is really a series of lenticular masses occurring at the same 
horizon. The Corniferous limestone in Erie county forms some- 
what of an escarpment as already mentioned. The rock-outcrops 
are not as a rule very extensive but good ones occur a few miles 
below Mill grove near a dam across Endicott creek, and again in 
the bed of the same stream for three miles below Wilhelm, and 
also near the same place. Again this limestone is found in Gage 
creek at Kieffer’s quarry near the transit road about a mile west 
of Lancaster. 


Hydraulic limestone. This extends through Williamsville, Clar- 
ence and Akron. Along the whole line of its outcrop it has been 
quarried at numerous places but generally only for building 
purposes. The section at the works of the Buffalo cement co. 
gives the following relations of the three limestones: 


Flint and limestone, Corniferous, 3 to 9 ft 
Onondaga lime 5 ft 8 in. 

Loose friable limestone 6 in. 

‘Gypsum crystal 6 in. 

Hydraulic limestone, porous, known as bull head, 7 ft 
Cement rock used for burning, 3 ft 8 in. 

Impure hydraulic lime at bottom 


The bull head stratum furnishes the great part of the water 
lime used for building purposes. 

Onondaga limestone. One or two of the lenticular masses already 
mentioned occur near Williamsville in the quarry of Fogelsonger 
& Young. It is highly fossiliferous and quite pure as shown by 
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the following neice made by H. Carlson and quoted by 


Bishop :@ 
Tinie Car Domate: As sees) ee cee eee ae 96.54 
Magnesia carbonates) issn a. op noe 1.00. 
Iron and alumina oxid........ Bn eee 84 
POULT Cag) oa eee cache eee og Oe holes eee gee ba 
SITE deen ge Rope eeO ChE Sic! co Meee 
BOSPHORUS gr leet ee te ck pene geen O17 


98.668 


Some of the rock is. used for smelting purposes and. the waste © 
is burned for lime. 

_ Cormfer ous limestone. The chief use for this is also for puild- 
ing operations. The largest quarry in Erie co. is that of the 
Buffalo cement works but there are numerous other smaller ones. 
The limestone while making a good building material on account 
of its hardness is very cherty in places, and therefore for any 
chemical or similar work would probably have to be handpicked. 
The limestone is usually thick bedded. 


Essex county © 


Three distinct areas of Chazy and Trenton limestones occur in - 


this county, The first forms Willsboro point and extends south- 
ward ag far as Whallonsburg. A second area begins at West- 
port and extends southward about six miles.. A third area forms 
Crown point and extends southward to the town of that name. 
A fourth is on Larrabee’s point. 

The Black river limestone member of the Trenton is usually 
heavy bedded, very tough and compact. The rock has been quar- 
ried on Crown point. 

On Crown point the Trenton proper is 150 feet thick, but is 


usually thin bedded, showing alternations of limestone and shale 


layers. 
The Trenton has been used at several places for “ania lime 
but no definite statement can be made concerning the purity of 


a Geology of Hrie county, 15th an. rep’t N. Y. state geol. 


Law 


os 
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any given beds as they are variable. At times the rock is quite 
low in silica. 

Quarries have been opened on Willsboro point and in the town 
of Essex. 

A partial analysis of the Chazy limestone on Willsboro point 
furnished the writer by Prof. J. F. Kemp showed: 


MP ene eget ea eat Gos evs dak Seu ee es 51.00 
WPM R IAS ee igehtes car Ges ous e as oo ae 1.00 
Sl C2 Ae age eae an a nee gan ete genes SW tet ao ehe 2.43 


Greene county 


West of Catskill the Becraft limestone has been extensively 
quarried by George Holdredge. | 

The rock shows the usual coarse grained fossiliferous char- 
-acter and the beds lie nearly horizontal with a slight dip to the 


west. 


The stone is quite homogeneous and a sample analyzed by the 
writer and representing the average of the quarry gave: 


Sem testy Nene en ha cee eae eee ele Ego kek. 4 2.75 
_AuL TITTIES G12 Ua An A ME oat ee eerie ae 1.50 
MUIR KM caste, “opine Semen hes ae ar stig SALA rear ele whe 1.60 
LL LIED Sg ROR oe oe a eo Ra er 03.10 
BMWNA Mer ACNE Baus) ite ch eng otis ake Selene ek oS tone 42.10 

101.05 


The quarries lie about one mile from the river and the West 
Shore R. R. 


Herkimer county 


Calciferous sandrock occurs in the county around Little- 
falls and is well exposed in several quarries in the town. It is 
generally a light bluish gray, fine grained, massive bedded 
sandy limestone whose weathered surfaces are generally dirty 
buff. 
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magnesian character: 


Silica fee ey ee Rec: 
POTN As oa ee aes ete a cee ee ee 
HerriesOe1G 24... ae ee to es ee at Pe 
Lime. carbonate 228 2. 25. ees Eee Dine a cate 
Magnesium carbonate jince (ae cee oan 


99.15 


The Helderberg limestones extend across the southern edge of eS 


10.50 
3.03 
LE 
47.96 
36.89 


| ar 


The following analysis will illustrate well its siliceous a 


nd 


Pe ee 
= ae 
f 


the county as a belt several miles wide whose northern limit 3 
passes through the towns of Jordanyille, Columbia, Cedarville — rs 
and Cedar Lake. They have been quarried at several places, — 3 
Columbia among them, for lime burning, but their distance from = 


the railroad is a serious objection. 


The Tentaculite limestone is utilized at Columbia south of 
Littlefalls for the manufacture of lime and has the following 


composition: 
SICA oe. Soaa ns ee ee Ss Ailaccs seat ee 
IPOPETC 1G XAG sca Sd ke tees i ce A arte ee aes 
Alumina..... Beopet ate, wd oa sc ae aera rattan aoe 
Pee eee a Us av eee ta eR 
WiOmMe SI tee one. co ce ea. iene couse oan 
(Gabonese omic <i nk ores eke Per ee eat a 


100.80 


4.91 
53 
48 
51.82 
1.16 
41.90 


Trenton limestone. This group of limestones is of some import- 
ance in Herkimer co., but only the Birdseye and Trenton mem- . 


bers are present. 


Around Littlefalls the Trenton is not over four feet thick ac- Te reas 


~ 


3 


cording to Darton, but at Ingham Mills the rock is well ex- 
posed in the lime quarry, where nearly 15 feet of good stone can 


be seen. The quarry is on the property of Sherman Butler. The = 
better stone is bluish, fine grained and massive, but in the upper = 


part of the quarry it passes into the Utica slate. 
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The following analyses represent its composition, no. 1 being 
the lower massive rock and no. 2, the average of the quarry face: 


J 2 
BOM Aare rps, A952 ake rece ltvete’) LIB ete eos cce 6.70 8.45 
23 | UESICIL.012 SNg Si  irn  M d.03 2.72 
BNE AO IG hee nestecuie alse: oie. 00 ges 5 aga 21 84 
MMS CAT ONALC toh. we es woo ls 89.15 84.60 : 
= Macnesium. carbonate 6.0... 2... tr 3.42 4 
99.09 100.038 


= 


From Ingham Mills the Trenton limestone passes northwest- 
ward past Salisbury and Norway to the edge of the county where 
it forms a belt whose width extends from Poland to Grant. A 
spur also extends from Poland southeast to Middleville, and it 
has been quarried at Newport. 


Lewis county 

The Trenton limestone extends across the county in a north- 
westerly direction and follows the line of the Rome, Watertown 
& Ogdensburg R. R. It has been quarried at several localities 
among them Leyden, Lowville and Collinsville. 

The limestone is well exposed along the road from Port Leyden 
to Leyden, one and one half miles south of the former locality on 
the land of Peter Snyder. The rock here is a fine grained, brittle 
light gray stone, full of calcite eyes. An analysis of it made by 
D. H. Newland gave: 


ne ee ee ath ee, 6.50 
2 TNT Ia i ce Oe A REE ae aaa 1.67 
eM ORIP RNG Soe inet ors e+. ee Sine) een Gee wk ¥. os 16 
MPMMeTC AL ONALECS 25: os Fer og a ne bee 88.44 
Pee SMITIT, CATOONALCT. . onlsta sais oie ais ee 3 2.68 

160.05 


This same stone outcrops for some distance along the railroad 
track south of this point. ; 


_— _ 
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South of Leyden and below the railroad level is a large quarry 


of black, finely crystalline limestone on the land of Mrs Christy. 


The stone has thus far only been used for building purposes. It 
probably represents a lower bed than the stone in Snyders 


/ 


quarry. It is of greater purity however as shown by the follow- __ 


ing analysis: | 


RPL G ach, Seer che gers eee ee ene averaeee 1.44 | 
AVamninig) hh ee ee tes AS aie : 
PGrrie: (X10 esse 5 Bae = Soe Cee ee 
AME CALDONALE. oes. on cae ae eee 97.36 
Masmiesia is5. cor Sa eae 1.04 
100.67 — 


The Trenton limestone has been quarried for lime burning at 


Collinsville three miles north of Port Leyden. The rock here as 
exposed in Roberts lime quarry is a coarse grained, gray stone, 
in thin layers 2 to 8 inches thick and often containing irregular 
partings of bituminous shale. They predominate at times so as 


to give the rock a shaly character and such portions are discard- 


ed. The stone makes a white lime as might be expected from its 


low silica and iron percentage. — 
The composition of the stone as analyzed by Mr Newland is as 
follows: 


DSU CA eh eee Sere int ies ee ge ecaa MMe dy Rion ie 3.09 
Vaal ED uate Ricinee Oe ei RERUN eRe Niet og ENT op FE gen tke 
Perrie oxidir eh oa ae oe eee ee 
hime earDOnae. ue. wc oo ee 94-11 
Magnesium: Carbonate... isn iene ee ae 1.63 

100.47 


At Lowville the Trenton limestone is exposed in J. Water’s 
quarry, one and one half miles north of the town and along the 
Rome, Watertown & Ogdensburg R. R. 

The upper layers are a black limestone with calcite spots, while 


the lower ones are a light gray, finely crystalline stone, and it is 


these latter ones which are chiefly used. 


ae ar) 
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The composition of Mr Water’s limestone is: 


SEONG MME Reg oS Ses a gw ane Bee aoe slates 3.96 

POMMIBNMICIERTS Ofer she foie Pome trang See ke ah ) 

2 EEE ONC CURSE AOR er Ae Bi aie i at ae A ae a ( sal 

PIMRC UE ONATE Michie Ne lw alte eee ok ee ne whee OW a2 

Macmesimm-carbomate v.22 ..iv. vcardles Sos 3.78 
100.71 


Monroe ‘county 

The Niagara limestone extends across the county as a belt 
several miles wide, its northern edge passing through the towns 
of Penfield, Brighton, Ogden, Gates and Sweden. The upper 
magnesian member generally forms the outcrops and the 
weathered surface of the rock has a peculiar granular and spongy 
appearance. 

The upper member, or Guelph limestone, is a grayish brown, 
finely crystalline limestone containing numerous small cavities. 
The rock is very low in silica and has a large amount of magnesia, 
making it well adapted for refractory linings in furnaces. 

The lower beds of Niagara limestone are hard, compact and | 
generally highly siliceous in Monroe county. 

The Niagara shale underlies the Niagara limestone and the 
transitional beds between the two sometimes furnish a natural 
cement rock. Beds of this nature outcrop at Shelby falls in the 
town of Barre. 

The Guelph limestone is well exposed in the quarry of the 
Rochester lime co. at Brighton two miles east of Rochester. The 
rock is used for lime and gives a lumpy product of yellowish 
color. The following analysis sets forth well its magnesian char- 
acter and its comparative freedom from silica: 


MOG TM es CE oro ta eA ook ao cay Oa te oak orete tal 
22. CICTUI Re SO Ae i ee ar ee ee TM a 
) NOCEE NG or 0 sce La Se sats ial Sarasa a aonb eveae Dahle ae .o9 
TEE con ie eS ints ae > chee a arr 29.388 
on VETER AS SST AIMS eae 2.10 


EMO TIN ORIG ee hin ne hale viele aianeis 47.39 
100.65 


Lie aes were date iu Mr Nesta 
these represents wie: average of ‘several samples 
Snow’s quarry at Gates near Rochester: 


= Sea * ia Silica . e 8 Be Ce, ee ee Reman Ane me ye 
Ree MAR ONIAL 0. Sl lst oo. cee eee 
une sao ee ee eo ee © © Oo Des! Aesare ee 
$ 2 ORV a ee pc Eee ea. 
Rect tary es SMOG WRI ayes ee ae eee Res oie 
es rks SCarbon CiOMid’ crs ce cine Vee ie ee eee 
pie PLO MEO Mee ee at ee ccs 
ee a ONUEL S E Si. ea ew ee oe ee eee pe 
Oe | > “tot. 000 


- The last analysis is of a’ sample from the Copeland quarry 
Rochester, collected by G. van Ingen: 


: = ULC Ay ae Hiatt ad ce. Sees S eee 
as oe Ames so ee ee 
2 Porricoxides. 21ers Se ee 
me Loss on ignition ........ i Gyiige Pale esas ee re 
So Sime -carhotiates..0 5. 2.0 ee ore 56.01. : 
ee re Magnesia carbonate ........ eee 
120 3 100.56. 
: This shows the rock to be an almost pure dolomite. . % . 
= The Clinton limestone also occurs in Monroe co. and is t 
| be seen outcropping at the middle falls at the gorge at. — Gene 
¥ see river at Rochester. 
No analyses of it are available but it is not a very importa 
formation. 
Montgomery county 
The Helderberg limestone belt does not come within the limi ‘ 
of the county but both the Trenton and Calciferous are present 
Good exposures of the Calciferous occur near the N. Y. a6) & 
H. R. R. R. at Amsterdam and St J ohnsville, Canajoharie | an 
Tribeshill. : 
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; According to Darton the Trenton limestone reaches its\maxi- 
mum thickness at Fort Plain where it is 9 feet, but decreases to 
7 feet at St Johnsville. | 

The limestone varies somewhat sometimes being massive as- 
at Tribeshill and at others shaly. In the Tribeshill quarries 12 to 
15 feet of massive stone are exposed. Other exposures are seen 


in the quarries north of Amsterdam. 


At D. C. Hewitt’s quarry one mile north of Amsterdam the 
Trenton rock has been used for lime. In the upper quarry the 
stone is coarse grained and the layers in upper portion of the 
quarry are quite impure and shaly. : 

The rock in this upper quarry burns to a brown lime. In the 
lower quarry which is just below Hewitt’s limekiln the stone is 


much purer and more massive than that of the upper quarry. 


The lower layers are harder, are light gray and are said to make 
a whiter lime. Under this comes a bed of lime rock which is 


_ practically non-slaking and seems to have hydraulic properties. 


The lime made at this quarry is fairly white. The composition 
of the lower limestone runs: 


Dis ti ce RRR pe ere tee ee 6.18 
Pemee MAMA ert pe ea ar Ae eth cha ow ek Gee 19 
Pestle ea AORN GES State Sean, ise so ae ibe es a OF 
Briss cGn WOM ALC 6). 6 oo oe wit eS oS 88.49 
MESwresiiin-CarbORALE. oo 6.6 ours oe 2.45 

98 .57 


The upper beds showed 8.9224 of insoluble matter. 
There is evidently considerable variation in the upper layer as ~ 
a comparison of the foregoing analysis with the first of the fol- 
lowing three shows. They were made by J. M. Sherrerd and pub- 


lished in 19th annual report, U. 8S. geol. survey, pt 6. 


Upper layer Intermed Lower 


Ge ote ns care le 08d ie gb wee ae 1.25 3.82 5.68 | 
ree BAU sais. di ie So ag Stl a ded Se a Ge 108 276 
Well To) Ne le a a a oe f 

APRN SS no gg os «woul ORS b2.18, 52.46 » 52282 
WMiienessge ss ck ae a None None None 
Drndetpety 6: ST cake 42.97 42.64 39.44 
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Another limestone quarry has been opened by George Ross on aa . 
the eastern edge of the town. The rock has thus far been used 
only for structural work. It contains some sandy streaks which ee 
could be separated if the stone were to be burned into lime. The — a | 
average composition of the stone is: . 


PSPC AS eo igo se wine ee ele ree cae om eas a eee 7.46 
PATTIE) eo eens hee eee ene an en ere 2.48 
Merrie oxi ri oy 5 eee cs ee eae 3 1o0te 
lime carbonate: 5: edie eee T1216 
Maciesium carbonate!) 2072962: 40 ee 18.19 
101.46 A 


This rock is probably Calciferous and not Trenton judging from 
its magnesian character. Portions of it in the eastern end of the ~ 
quarry run as low as 4% in insoluble matter. 


Niagara county 

The limestone passes through the towns of Royalton, Lockport, 
Cambria and Lewiston. In this county the Guelph or magnesian ~ 
member is missing but the lower member is of increased thick- 
ness. The lower beds overlying the shale are apt to be somewhat 
siliceous but the upper ones are a crinoidal limestone of greater 
purity. 

The following section of beds composing the Niagara limestone 
at Lockport is given by Prof. Hall.7 

5 Thinly laminated blackish gray limestone with thin laminae - — 
of bituminous shaly matter, the whole exhibiting a tendency to 
a concretionary or contorted structure and the surface of the 
layers marked by small knobs. 

4 Grayish brown bituminous limestone, the lower part with 
irregular cavities containing spar. 

3 A dark colored limestone with cavities and veins of spar 
often concretionary. : : 

2 Irregularly thick bedded limestone of a light gray color, also 
containing cavities lined with spar. : 4 


aGeol. 4th dist. p. 89, 
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1 Encrinal limestone containing numerouscrinoid stems. Light 
_ gray in color but often spotted with red. 

Samples for analysis were taken by the writer from a quarry 
by a limekiln one and one half miles east of Lockport and along 
the canal. The rock in this excavation is a light gray, fine 
grained, massive limestone containing numerous fossils, which” 
are often collected into large bunches. The upper layers of the 
quarry are thinner and more argillaceous than the lower ones. 

The composition of the Niagara limestone in this quarry is 
shown by the following analysis made by Mr D. H. Newland: 


Silica ....... ata te Nahai alle Waa ea 7.09 
BA WEMVIMIA ote oa ase Be We os ae Sas ee 
1 CELSINTOD: GTC IgE pa tA tera alee A aie a ae .96 
Werelearbaniate.,. . oa... ct oe ee oe 56.19 
MeN Sin CAT DONUUE) 6s tetincce sf aatdE ose ae 33.42 

100.46 


- South of the town of Niagara Falls the Niagara limestone is . 
quarried for burning lime. The quarry is owned and operated by 
William Messing. The following is an analysis of this stone 
made by the writer: 


LL LE ae ra ates ae oh Seder estar tea ae ~ A220 

“ls An SE eee gc ee Pei aah 17.45 
AAuMINA ..... epee Reh ew at RU: eis Us 150 

2 SFIO EET ee oe oe Rye ey 5 
“SLICE Fae eae PRE tO ec phage 2) cede Soo Et 
MOT TOR oo I fe Sk a oe eee eicee ee ees 37.50 
100.91 


Oneida county 
The Helderberg limestones extend across the southern portion 
of the county and are crossed by both the Utica, Binghamton and 
Utica branch of the D. L. & W. R. R. 
In the Eastern part of the county the Trenton limestone ex- 
tends from Poland to Boonville in a belt several miles wide and 
following the line of the R. W. & O. R. R. The Trenton has 
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been quarried at Prospect along West Canada creek. Prof. mas 
Smock states’ that a sample tested contained 94.82¢ lime car- _ we 


bonate. 


An analysis from this same quarry made by J. D. Irving gave: 2 


SilTCA Saas een ee oe oe oe ee 2.59 
PeKINGtil lS eeererern ons Bee Ee hase tN eee ate 1.21 
Heric oxad 24). 2e ee ek eo ak: oi ee eee .61 
TAME 5 ee ee eee ee 
MaAPHGSTE SS oie Oe oe ee ee E 1.04 
Carbon Ot kik) Ue ae we ee ao 

99.51. 


For some years the limestone quarries in Oneida county were : 
extensively operated to supply fiux for blast furnaces, and Prof. 
A. H. Chester of Rutgers college, New Brunswick, N. J. has 
kindly furnished the writer with the following analyses: 


: Fe,0, 
RE J 
i et ae ee SS eee eee eee 
(2) 
Quarries near Clinton, Oneidaco. N. Y..| 48.68 | 1.84, 1.645) °40929 (st. 23 slice cenit 0.21 
ac cc THES) een Nong: 52.53 | 0.69 0:36.) 42.03" () 1592) |. oo caeseltemaeae 
piss rai (0 (11) 5) Prramnicete 35.25 Sl eee Roe BY fed ?-f8) ID Soo Ss5 laos 
ec = (GaEK) ee san oe 2432225 | 62085 anreemen AQ G5 <|i.\sje.cre.2i| cise stelerwiel | eaters 
5 Another <“ “ aiivsecatitee awn Ss  Yeletay fal eine Wa SS perc 39599)" |:c aie alee bo wieleie iaierl aieieteteetttatetetaraienae 
6 s Se Ce ee OSD SEC CIUGOCINOE 50.25 1.00 1250.3) 40:49 | 5 53aleaesee oe 0.30 
7 Oriskany Falls, Oneida co. N. Y ...... 50.47 | 0.83 don e40 25a) -poatee meee 0.21 
Rip ee a lanes tes 52.69 | 0.84 1.55") 43°38) 2:50 que eee 0.14 
Se el eh eabacds 50.25 } 1711 2.14 | 40.70 | 5.66 |......0. 0.18 
OS) sett. eae 50.80 | 1.01 1.35 | 41.02 | 5.46 |........ 0.12 
LUMENS oe open retia 50.93 | 0.85 1°38. 540.87. | DeS2ataeccieae 0.07 
12 Quarry near Clinton .......ccrecccccees 53.52 | 0.46 0°95 [42:54 )|-2.48 "| oi eceecs 0.04 


Onondaga county 


Some of the largest limestone quarries in New York state are 
situated in Onondaga county. ‘The limestones quarried are the 


Niagara, Helderberg and Onondaga. 


The purest limestone in the county is furnished by the Stroma- 
topora beds and known as the “diamond blue” rock. Much 
stone of good grade is however also furnished by the Lower 


Helderberg rock, notably west of Syracuse. 


aN. Y. state museum, bull. 10, p. 246. 


: = 
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The Niagara limestone is exposed at several places from the 


- northwest corner of the county to Bridgeport. It generally 


forms a low ridge. At Diedrich’s quarry in Lysander village 
where it has been operated for a number of years, the magnesian 
Niagara limestone is 5 feet thick and of dark gray color. Near 
Baldwinsville it is 4 feet thick but rather shaly, in Cicero it is 
2 feet thick and was formerly used for making lime. As a rule 
the Niagara limestone can be easily quarried.” 

Helderberg. The hydraulic limestones of Onondaga county 
are mostly dark blue, fine grained rocks in beds 1 to 5 feet 
thick. They weather to a bluish gray. Most of them are 
fairly pure but at times contain some magnesia or clayey ma- 
terial. The pure beds belong to the important lime furnishing 
horizon of the county. | 

The two beds of hydraulic limestone lie near the top of the 
group and according to Luther are often separated by 4 feet of 
impure limestone. In the eastern part of the county the upper 
layer is 4 feet thick but it pinches out in the Split rock quarry 
west of Syracuse to reappear again near Marcellus Falls where 
it is 2 feet 10 inches in Watkins quarry and reaches 4 feet in 
Corrigan’s quarry as Skaneateles. As at this latter place it is 
only separated from the lower bed by a shaly layer the two 
practically form one bed 9 feet 6 inches thick. 

At Manlius the beds are separated by 4 feet of blue limestone 
and at Street’s quarry near Onondaga hill by 1 foot 8 inches, at 
Marcellus falls by 1 foot 7 inches, and at Skaneateles they are 
together. 

Luther gives the following thicknesses for the lower water- 
lime layer in Onondaga county: 


Mii Ae CANA S: QUATTY~ oon oe ee os ee os 4 ft 
sien r is. AVVO... 62. sie wees se eke 4.ft. boime 
Pane nrrcom and: Clarke... i. a6 .0 i ad 3 Deeb 
Skaneateles, Corrigan’s quarry...............e000 5 ft 


At Split rock the upper member occurs in the southeastern part 


- of the quarry but is wanting in the western portion, its place 


being occupied by a 9 foot bed of blue limestone. 


aLuther. Geol. Onondaga county, 15th an. rep’t N. Y. state geol. 
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Luther described the hydraulic limestone in Onondaga co. 
as being brittle, compact, fine-and even grained. It is dark = 
colored with a conchoidal fracture but weathers to a light color. 4 ae 
The beds are generally well defined but do not as a rule contain. 
any fossils. The rock was discovered in 1818 in connection with ee: 
work on the Erie canal. As in other cases attempts were made 
to burn the stone for lime but it was found that it would not 
slake. The cement rock quarries are generally near the summits =~ 
of the Helderberg escarpment. 

The kilns used in Onondaga are oval with a diameter of 10 feet 
at the top, 12 in the middle and 33 at the bottom. They are 28 
to 42 feet deep and are generally built of limestone with a ining 
of fire brick. In starting the kiln a cord of 4 foot wood is — 
put in the bottom, over this 4 inches of anthracite ccal, then 
1 foot of limestone, more coal and alternating layers of stone 
and coal to the top. It takes 10 tons of coal and 15 cords of stone 
to fill a kiln, and this gives 1500 bushels of lime. After the kiln © 
has been burning two or three days the first draw of 250 to 300 
bushels can be made at the bottom of the kiln. The product is — 
of course ground before used. For a list of the producers in 
Onondaga co. see Luther’s report, p. 270.. ies 

Upper Helderberg limestone. This stone in Onondaga co. is oA 
a light gray semi-crystalline limestone, the layers being sepa- — 
rated by thin seams of shale. The rock is at times variable in its 
cha:uctex aud may at times become argillaceous. Cherty layers 
are sqmetimes common in the upper part of the formation. In 
the face of the cliff forming the Helderberg escarpment the Cor-— 
niferous limestone is rarely over a few feet thick, though at the 
western end of the great chasm of Green lake two miles north of 
Jamesville the upper 25 feet of the vertical wall is Onondaga 
limestone. 

The chief value of the Corniferous is as a building stone though 
many portions of it are adapted to the manufacture of lime. 
Many quarries have been opened in it and the largest now in 
operation is on the Indian reservation in the Onondaga valley. 
Analyses have been made of several limestones in this county. 


jt ak ae OMT Pe eae iene Nee Ae 
eg Fea BN 8 crepe es ho 
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No. 1 shows the composition of lime made from the stone in 
E. B. Alvord & Co.’s quarry at Jamesville, the pels peng 
made by F. E. Englehart. 


Meee Oca fe oa Hin a tye le utp sts we we + oor 91.93 
CELE ISU 1 SE Sa ee Raiser cee Oe a 3.06 
amigas sets ee es Ce a 1.88 
Seeibrelie ATI VONIG, .cot oo heb Sis eras wl we ehee, 03 
: Ferric oxid and alumina.................. 2.03 
| 99.63 

Another analysis of an average sample gave: 
MBI echt ey Mee eae ecm vines et esho Wie de oe = 1.60 
PAIN ANd: LEPTIC OXI eis ee ee Oe os sak 
MamecesupOnates, ro we ioe See ee 97.00 
PSMeR atl. CALVOMALE™ eo te. a he 3 ee beth 
101.78 


This same quarry also contains several layers of cement rock, 


of which the following are analyses: 
; Upper Lower 


: layer layer 
Sh ECS ea een an ar ne i eee aN eae ~10:97 10.95 
ATUMINA . 1.6... eee eee eee eee 4.46 5.32 
ONG co Peas ge 1.54 1.30 

ere Come is bares wa ER ws Zio 30092. 
! eA 5 oe ec aids «vial oie S © 6! vere 6 16.90 138.64 
ew CIO KI 5 tices oe cia ws sw 8 Ge i LOW OE: eae als 
99.32 100.00 


The composition of the blue limestone in the Split rock quarry 
of the Solvay co. is as follows: 


MURR oes ae ates Cas vale Oho Scale’, GTS ow cies 5.35 

“i ELEN 2 pst oe er Of eee 56 

MU SNe Tone ns ee: Gis Slee abe y doke as 61 

' MOEA LO. OF LAME es fia 6 ais)'eiare «eds. 058 e ie 85.41 

3 MEAGUMCSIAN CALDOMALE 66.5). ois cece che os ae 18.86 
100.79 


In Rockland and Orange counties there begins another series of 
belts of the Calciferous limestone formation which extend in a 
northeasterly direction. These same belts continue across the 
river into Dutchess co. and also extend up into ‘Columbia co. 
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In this latter one however io are so ree sa as ree to be | 
worth considering. ee 

The Cambrian limestones are found at several places in Orange eh. 
co. One area occurs around Central Valley and Turners extend- ) 
ing thence westward to Monroe. It is finely crystalline, light — 
bluish gray, but rather siliceous. It is however used for lime. 
Another area extends from a point about two miles south of ee 
Sugar Loaf past Stone Bridge, Warwick and New Milford into 
New Jersey. Its character in-this area is similar to that around of 
Monroe and Turners. It may at times become quite siliceous, 
showing as much as 184 silica, and there may also be a varia- 
tion between the different layers in the same quarry, one perhaps 
containing only 2¢, while the others may have 15¢ or 18¢. : 

An area of white limestone extends from Florida through 
Pine Island and Amity into New Jersey. This is highly crys- 
talline, metamorphosed Cambrian limestone which also under- 
lies a broad belt which extends southwest from Florida through - 
Big Island and Gardinerville to New Jersey. It possesses the 
same character as the other belt. Another small area is found ~ 
along the railroad between Neelytown and Campbell Hall. This 
has been used to a small extent for lime. The Cambrian lime- 
stones also outcrop both southwest, west and north of the city 
of Newburgh. 

Rockland county 

The character of these Calciferous rocks of the Orange and 
Rockland county belt may be judged from the following analyses 
made of samples collected from different parts of the quarry, the 
analyses in each case representing the average of the quarry. 


The first one of the magnesian limestone from Tompkins Cove 
is as follows: 


Oxid of dime. ch. Cee en ee ee E 
MMA ONO RT A S/o pein encetala leis Satara ONS. cect 16.74 

Carbonic*acid sy). his yo wank Wate on ene eee 39.10 a 

PRITAM, SS Ra oe eal Wea Gtk ee em 4.18) 9 ee 

POLVUC! ORM) CU Oe et teen eels joe wi cunearet ne teas 1.05 3 s 

TLIGA A tee tse eas are edn i jes dilat SAS Wheatacre ett 12.00 } ‘¢ 

99.36 eb 

i 

3 
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Large quarries have been opened, and the crystalline limestone 
at this locality close to the railroad station has been used ex- 
clusively for road making, it being at present one of.the largest 
producers of this material. Its highly siliceous quality makes it 
excellently adapted for this purpose. 

This analysis shows that the stone is both magnesian and 
highly siliceous. The following analysis of the Calciferous lime- 
stone from Miller bros. quarry on the southwestern edge of New-. 
burgh indicates the rather constant character of the stoné. It 
runs: 


MPNOS eee os aces wa Cae SS ya eee anand PAGE TAT 
RENT a tae RAs Warten ica Rae ah eee a's ce ouete cre Lk COD 
SB MOTTON A CLO sor eee ce. soa cheek ese esas eee Ht va 40.99 
MMM, eo es ek UIE as Wickert Mi oa 1.98 
PNR OROXTC rete cos eaeds es Ge, ae nacho eens e Piaes. Ge 1.80 
Bree ewes sie Bhat eee GW eet GME tok, deal bc opayy 10.46 

100.58 


Newburgh. The Calciferous is exposed in Miller’s quarry on the 
southwestern edge of the town. It is harder than the Tompkin’s 
cove lime and like the latter is both siliceous and magnesian. It 
has been used to a small extent for making lime. 

The following analysis was made by J. D. Irving: 


SCT LEY 2 ei Cat aa ea ea a . 10.46 
PMNIDTINDT Ae es yh eke Cars cols Ve bite ets 1.95 
Re AMOR ogre tre e's eles aihcs eA ote Se ds 1.80 
TDI see Lop. IS i Aa Aan a ee i a 2h 
PRaTe HMA eas. ily Sars, ees ech ha hee o's 17.65 
MMR ins etc dacec eee tail nc oe 6 Soe 8d oe sins ob oo 40.46 
100.07 


Putnam county 


Two quarries have been opened, the one near Towner’s, the 
other near Paterson, but the descriptions of them given below 
will indicate that neither run low in silica. _ 

The quarry at Towner’s is one mile northwest of the N. E. R. R. 
The stone is gray and white, coarsely crystalline and contains 
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| many crystals of white or light ereen pyroxene scattered 


feet and 60 feet deep. A number of blocks of stone have b 


- quarries have been opened on a hill west of the town and bas 3 ‘ 


it. Mica flakes are also abundant in the rock. It i isa ma 
limestone with considerable silica in its conmpo tom eee Pe 

The quarry at Paterson is on the Haight property half. a | 
southeast of the railway depot. The opening is about 15 by 4 Agee 


taken out but-all show the rock to be full of mineral impurit 
so that it would not make a very high grade lime. : 


e 2 “ 


Rensselaer county 


ies small area extends from the vicinity of North Pea | 
burg to Eagle Bridge-and underlying an area several miles wide. 
west of Hoosick Falls. At this latter locality a number of small — 


* 
seer 


black calcareous slate. It has been used to some extent dea flux - 


times it has also been used for lime manufacture. 

The best stone is found in Cornelius McCaffery’s quarry. Bias 
section there is nearly 60 feet thick, rather flinty in the upper % 
part but in the lower yielding stone eS analyzed: eS 


Stich oe ee 1.20 
Wernic0xd $ use fos oi sca oe ee ee 
Alominn 20 7. oc oe eo eee 
Ranie o0 ore ee ee Be ee ee 
MA PMSA: For achat aes ee ee 8.97. 


| 


Saratoga county 


=. 


Sandyhill. Both the Calciferous and Trenton limestones occur 
in Sandyhill. The Calciferous is quarried by Higley, Monty & 
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Co. but owing to its siliceous nature it has been used only for 
structural purposes. The following analysis cds the char- 


acter of the stone: 


WLLL Acie CRS) SIRI ei aa aren araeat — 29.05 
EMO Aa gang eve keane ie die wseens Spee ey OU 
Rie Me OMA G are ie csc Soaiiei vce kic boat a Ware, 9: ee Geers 1.02 
1 ETRE Sa a gL a Trae 46 
Remuera os oo es scale ca Seu beck e's 38.60 
Pet Sohinple: VESIAUC*s 2%. oc e cca wtiee tee ess 18.04 

99.97 


The Trenton limestone is exposed about one and one half miles 


east of the canal and the section is very similar to that found at 


Glens Falls, the upper layers being somewhat impure and the 
lower layers showing 8 feet of black limestone evidently of con- 
siderable purity. | | 

St Lawrence county 


The Trenton-Chazy limestones extend along the St Lawrence 
river from Chippewa Bay to the northeastern edge of the county. 
Its southeastern boundary passes through Flackville, Norwood, 


North Stockholm, Brasher Falls and Fort Covington Center. 


At Ogdensburg the stone has been quarried for lime manufac- 
ture about a mile west of the town. The stone is thin bedded 
and only the upper layers of the quarry are used for lime. 

The following analyses show not only the dolomitic character 
of the rock but also the greater freedom from silica of the UpPEE 
layers. 

Upper stone, Howard’s quarry, Ogdensburg: 


SOLES 2s Bae eo oP es i ere i nae Gere ee 4.42 
Meme ce ee Sy ite Cae a ws Sie 2.23 

MM INIEO NIG (cet ay ee Ss te cas oa xs s .16 
Miia CARWONALE 5 ae eo A ree ON Se NRT 
Magnesia carbonate ...., 20.0.2 sees eee eee 37.04 
100.42 


face 5 x Eee en Se ee a te 
aia “2 vi = cate 
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Lower stone, Howard’s quarry, Ogdensburg: 


SMMC EER RA iba A ee + Aa en tes 17.28 
ATOM AL Fs eer eae oe eee eee ee 5 ot. 
BNCPTAG sOXU. seax5 tere Fae ark eye ates a ee pee .92 
Lime-carbonate :2 5. hse. ee oe “a eee 
Magnesia carbonate «2.20 ae eee - Leet Ger 
100.04 


The crystalline limestones of St Lawrence county form a belt many ce 
square miles in extent stretching in a northeast and southwest 


direction, and in addition there are small scattered patches, which — 


are irregularly distributed throughout the county. According to es 


Smyth the largest limestone belt is that which is traversed 
longitudinally by the R. W. & O. R. R. and extending from Ant- 
werp to a point two miles east of De Kalb Junction. While it 
is thus seen that the limestone undelies a considerable area, at 
the same time owing to a scarcity of outcrops its presence is 


not always noticeable. The linear extent of this belt from Ant- — | 


werp to its probable end in Canton is 35 miles. Its width in a 


northwest and southeast direction is variable. It is two miles 


at Antwerp, six to eight at Gouverneur, but then narrows again. 
The limestone is highly crystalline in character, and varies in 
color from a white to a dark bluish gray. It is unfortunately 
often rendered impure more or less by scattered grains or some- 


what similar masses of minerals of which the most important 


ma 8 


are serpentine and tremolite. In some localities these crystalline ~ 


limestones reach a high degree of purity. The following two 
analyses were kindly furnished me by Prof. Priestley of St 


Lawrence university. No. 1 is a stone used for lime from @ ~ 
locality on the road to Colton and six miles from Canton. Ne.2 © 
is from Stevens quarry on Grass river one mile above Canton. — 


The second one is not used for lime. 


: 5 anes 2 
PORNO Gig arc usec a, cca vee anasto tie tates .00 g baad be 
Tron oxid’ and alunaimiay sac. tes ae 1.89 
Fame Carbonate: ce Gein ces ' 88.67 76.48 


Magnesia carbonate ...... 63.220. 9,582 19358 


100.00 101.11 
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At Gouverneur extensive quarries have been opened for ob- 
taining marble and much of the refuse is used for lime. 

This stone often runs low in impurities, as indicated by the 
following analysis made by J. D. Irving: 


SURE ee ie tea satin, oat eels ecko te Bw Ole 1.85 
sa TTS ES Fe A 3 a te a ae 23 
BerrigvOxiG ox. daiiic oR he cena che WET 8 .38 
TIME CAL OONALCs wale ys etal Mes o lee ss 92.29 
Macnesiuim Garbonates: oi... .0 dle e. oe ce ss 4.28 

99.03 


The crystalline limestone is well exposed at Harrisville, N. Y. 
in the quarries of the Harrisville marble co. which lie about half 
a mile from the C. & A. R. R. The rock there approaches very 
closely in composition to the mine at Gouverneur. At Lewis- 
burg, N. Y. there is a considerable ledge of crystalline limestone 
on the Hungerford farm, near Lewisburg, about four and one 
half miles north of Natural Bridge. It is rather far from a rail- 
road, but it has been estimated that it could be put on the car at 
Natural Bridge for $1.35 a ton. The stone is coarsely granular | 
but not very hard. Certain portions of the rock are very white, 
evidently quite pure but rather free from silica. At other times 
it contains an abundance of mica grains. 


Ulster county 
The limestone formations occurring in Ulster co. together with 
their thickness is as follows: 
Onondaga, 60 ft cherty 
Upper shaly limestone, 30-125 ft impure 
- Becraft limestone, 20-30 ft fairly pure 
Lower shaly limestone, 60 ft impure 
_ Pentamerous, 30-60 ft dark massive 
Tentaculite limestone, 20-40 ft thin bedded 
Cement series, 20-50 ft cement and waterlime 
Niagara limestone, 0-45 ft 
Wappinger limestone, 200 ft siliceous 


aDarton. Geology of Ulster co. p. 297. 
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Of these the Becraft and the cement beds are ‘the most im ze 
Biscndre limestone. This has been quarried at a umber of : 


localities for burning into lime. The stone is generally light blue foe 


gray, dense and massive. An unfortunately common feature is - 
_ the presence of layers of chert though these may be locally abe ee 


at times. It predominates chiefly in the upper beds. 


Darton states (p. 301) that the outcrop of the Onondaga lime- 2 s 
stone is practically continuous from the northeastern corner of oe = 


the county to Wawarsing township. 


Around Kingston its area widens greatly, due to the presence ; 33 
of folds, and most of the upper part of the city is built on it. © 
Southward by Hurley and Marbletown the Onondaga formation  __ 


is prominent in the ridge sloping westward to Esopus creek. 

Exposures also abound along the W. 8S. R. R. northward from 
Kingston, and, from west of Saugerties to Asbury, along and near 
the road passing through Cedar Grove and Katsbaan. 


Upper shaly limestone. Throughout its whole extent the upper 
shaly limestone exhibits a large amount of argillaceous and =< = 
Biliccous impurities. The beds are massive but the rocks possess — f: 


a slaty cleavage and these properties aid in 1 the formation by them 
of small rough ridges. 
It extends across the county parallel with the Onondaga lime- 


stone. As far as known it is not available for any of the uses - 


treated of in this report. The upper shaly overlies the 
Becraft limestone. This in Ulster co. is the purest limestone 


of the whole Lower Helderberg series. The beds are massive, — 
bluish gray to reddish limestone, of a semi-¢rystalline nature and 


highly fossiliferous. 


Scattered through the rock are saucer-shaped masses of white 


erystallized lime carbonate, from one to two inches in diameter 
and representing the bases of crinoid heads. The formation 
according to Darton varies from 20 to 30 feet. 
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Extensive quarries have been opened in it near Rondout, Rady- a “ 


ville and Whiteport. The lime made from it is of good quality, 
lumpy but slightly brown in color. The Becraft limestone ex- 


= 


- 
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- tends across the eastern portion of the county from north to 
south. | : 

It is well exposed between Saugerties and Rondout and about 
Wilbur and Whiteport, but exposures of it are rare southwest of 
this latter locality excep at Mill Hook and Highfalls. 

Samples for analysis were collected from the quarry of the 
Newark cement co. at Rondout, and the average of these gave: 


Pea ee ee eee hy 3.87 
erie ORME <a. cots he oe ee Seg Seen toe 
ce.) TORTI ap ain oe ly eae Seat ee en ae 1.07 
Meine a LS bs ys ja lis fe AE PEAS 4 ae aR ek ON 54.11 
MIASNOSTA yo So sick coe aes raiser i Saat eee tr 
Carbonic dioxid ....... Bo nS cen net 92 - 40.60 

101.29 


_ Another set of samples from the quarry of B. Turner near 
Wilbur gave: : 
SULT: Rees Sa crag et ree ee ee ene ae 7.10 


PAPI EMRA Tei tee atk gti kt Eins acl ond 608 bao 2.50 

LE ESTICU pak DISSE LS | ga npg Pe 65 

WOME ee ke ck eS SRA ie ee es oe 45.22 

WRAP MOS re sth os he eee fae seek ee ee tr 

C 2 SVEC TEN CSU aa Ne ae Reg ea oO 
90-51 


| Pentamerus limestone. This member of the Lower Helderberg 
in Orange co. is a hard, dark blue or lead colored, massive 
limestone. Not infrequently it is somewhat cherty. Its hard and 
‘tough character frequently causes it to give rise to cliffs. Gvood_ 
exposures of this rock occur in the cliffs at Rosendale, about Port 
Jackson, near Eddyville and along the eastern face of the lime- 
stone ridge extending from Rondout to Saugerties and West 
Camp. 
They are generally a mile or more from the shore of the Hud-. 
son but two miles north of Rondout approach close to it. The 
Pentamerus limestone has a thickness of 30 to 40 feet. 

Tentaculite limestone. This is generally a thin bedded dark blue 
limestone and forms the base of the Helderberg series. Its thick- 


6 
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ness varies from -20 to 40 feet and is greatest about Rosen- 
dale. 3 | ae 

Salina waterlime beds. These underlie the Tentaculite and oe = 
of considerable importance as they include the well known cement — ; 
beds. Darton says, “The usual characters of the formation are 
thin bedded water limestones, and the cement is of oe occur-_ = 
rence.” : oe = 

It is a blue black, very fine grained, massive bedded deposit, | 
consisting of calcareous, magnesian and argillaceous materials — 
in somewhat variable proportions. The beds are extensively de- 
veloped in the Rondout and Rosendale regions. They come in 
gradually and are attended by a thickening of the ‘tormageee 
from its usual average of 20 to 30 feet to 40 or 50 feet. At Rond- 
out the principal cement bed has a thickness averaging about 20 i 
feet. PE 

It lies directly on the coralline (Niagara) limestone and is over- 
laid by alternating successions of waterlime and thin impure — 
cement beds. The cement horizon is not exposed far north of 
East Kingston, but how far it extends to the northward is ‘not 
known. 


It is seen to thicken southward and it attains its maximum 
thickness in the vicinity of Rondout, thinning out again and giv- 
‘ing place to waterlime beds south of Wilbur. 3 

It is seen to have come up again in the Whiteport antici | 
which brings up a great development of cement beds along its” a s 
principal axis from Whiteport to Rosendale. They also come 
out along the eastern limit of the synclinal eastward. “South of — 


around the point of the anticlinal by High Falls on the Rondout~ er 
creek.” ‘ Above this place it can be traced but a short distance 
owing to its deep erosion and heavy drift cover in the a 
creek valley.” It reappears at Port Jackson. :. 
“There are two cement beds in the Whiteport- ‘Rosendale re 
gion. The lower one of these averages 21 feet in thickness, — 
and the other averages 12 feet in thickness, with an intervening | 
member of 12 or 15 feet of waterlime beds, but these thicknesses 
are very variable.” 
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“At High falls the upper bed is 15 feet thick, the lower bed 
5 feet thick with 8 feet of intervening beds of waterlime rock. 
_ The High falls are over the thicker beds.” , 

Darton also states that ‘‘cement may be looked for in the 
upper Rondout valley, from Port Jackson to Ellenville, but owing 
to the absence of outcrops this should only be regarded as a 
suggestion.” » 
| Nothing further will be said in this portion of the report « con- 
cerning the Rosendale cement rock as it is mentioned more fully 
in the chapter on natural cements. 2 

Coralline or Niagara limestone. This forms a thin bed under- 
lying the cement at Rondout. It is a dark gray limestone of vari- 
able thickness. Under the cement at Rondout it is 7 feet, but 
at the entrance to the Becraft limestone quarries one mile north 
of East Kingston it is only 5 inches. 


Warren county 
At Glens Falls the Trenton limestone has been quarried for a 
number of years for lime manufacture and the Product bears an 
- excellent reputation. 
There are four companies operating lime quarries but the rock 
in all of them is very much the same. The section in the quarry 
beginning at the top consists of: 


Thin bedded impure black limestone............. 12 to 15 ft 
Maeve see MMICSLONEG 2. Sie ec ee ee 2to 3 
- Fine grained, black, crystalline limestone......... 15 


The upper bed is used for building and also for nortlat 
cement, being mixed with the overlying clay; the lower bed makes 
a high grade of lime. The following partial analysis represents 
the composition of the upper stone :@ 


Nee See eres are a oe wid pas a awe + 3.90 
a SELTSD Ee 8 aR AI MIE or nn a Pe 1.30 
Mee oile 1h ee ee Oe 
Bumper ees... (Shee een ee ee 52.15 
UTE IANT 2, oy. Ae o. Seovaictials be 028 Siete Po ws 1.58 
SMMC RACIA GR... Ws Sipe s divs ww ies Haine os .30 


aMineralindustry. 1897. 
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The composition of the lower bed is as ‘follows: 3 Be 


oJ Ugh: enapar pane neni Mie, arian Biren iat ee 2 
ADTOINA |, ooo vies a eat eee 
Merkicso xd sag ed ee Sale eee 
TPN ee re get re a ce 
Meaonesian.. 22-4 as casy ce: Geren re Sane = 
«~~. Carbonic oxid (est)... 2.24: 6... eee 


shipment, depending on the quarry from which it is taken. 7 ao 
lime produced is soft but quite pure. It is said to slake rather — 


quickly. | pe 
The analysis of the lime in the ‘jrentae of the Associated lime 
C0, is: : 
ee Limes. coe oo ie 
) SMaPNeSia sic ck et Pale b es Pushes ha ee er 
Ferrie oxid and alumina........ i xs & 
Loss on ignition... 6 2 


a 


Washington county ~ : 


The limestone areas of this county though not extensive i : 2 
clude some of the purest” lesen. found in the state. — oe 


begins at Adamsville and extends ieee past the Pete p89 

edge of Fort Ann and Whitehall to the Vermont boundary. - A 
third area lies on the boundary between New York and Vermont 
and along the Rutland branch of the D. & H.R. R. The rock has ~ 


in the ridge to the east of the valinoade ‘The rock is mostly a 
dark gray to bluish black, fine grained and moderately hard. Its 2 
massive Suemeacnaa has peat somewhat destroyed in plagee by the 


SS ea ea eh Re ae 
pas ae eGo gi Bie 
sad eee, gh AE SR ». 


ren 
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& 2 pure. Much of this rock has been shipped to Troy both for use 


: as a flux in blast furnaces and also lime for use in making Besse- 
; mer converters. | | 
| The following partial analyses will serve well to show the com- 
: _ position of thé stone: 
ee POP a eles ark os Wee toe SAMS Stace We 1.38 
Peric oxi and alumina... 6... 5.054. 58 
NE sy ered = S)e%s eae ole pees we 8c 55.26 
RSM Aa heen aaa IAN ala aw Qe Gee osc, © 08 * EL 
Z Phosphorus..... Sea ane Se 004 
An analysis of the lime made by Prof. J. H. Appleton gave: 
“es Moisture and carbon dioxid .............. 2.08 
Seer Insoluble 2... cw. eee iene ee Pee 1.06 
eee Perric Oxid- and alumind... 2: ,... ss. os 3 58 
< Me Om eee i Re cn Sp Oy 95.50 
SARE Si heels ye ERY Micah ae a Ne tr 
99.22 
A third one made by the writer gave: 
PsA REE cela Se Rd ok eae e's hahaa se Be kale br W's 12 
Ferric oxid and alumina............. Beste tae Ws | 
SUN eee yi en eye ence Vic ghee 'n ciare aioe ere 54.28 
SIGE TRIS I | SUAS Rear alee Se eo et Pee ea eee 80. 
MSO RAG Res. lke oie Pe oe ga ee 43.10 
100.40 
The black Trenton limestone is also mined just east of the 
state line in Washington co. They quarry is situated along 
the railroad track between Whitehall and Fairhaven and is 
operated by George D. Harris under the name of the Arana mar- 
ble €o0. . 
The rock is a dark colored moderately hard limestone with 
_ very few visible impurities, and in places traversed with enor- 
mous streaks of calcite, and at certain portions of the quarry ~ 
Rig nerter 
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noticeably at the western cad the Sark assumes a brownish 
red color. As a whole it may be said that the stone is very pure | poe 
and where shale impurities occur they are generally in the shape _ 

of horses which can be easily separated in the mining of the ee 
rock. The following analysis indicates very well the high de- ee 


gree of purity of this material: Be Baas: 
STUN ea a GR iad Bacay re oy buat pene Bi) signe 
ATMO ess os oe takes aurea cee ane eae 1.00- ae 
| Les 6) GIT Gae Obi ¢ (Paina ERE RERUN Coe AmB abort ai eS .70 on a : 
Gate 2 cs ce Ps ee 53.90: eae 
NiaonGsiar: 2. Ou oul e oaie eae aa ae 1.40. ee 
Carbon dioxid ....... tei teneednsesen@eca 3 Calne 

100.20 


Westchester county 


The limestones in this county are all of the same age, probably 
Trenton-Calciferous. They extend across the county in a north- 
easterly direction forming several well marked belts which either 3 mee 
border or underlie the main valleys. The two most important es 
ones are those along the line of the Harlem R. R. and the North- 
ern R. R. The former has been extensively opened up at Tucka- 
hoe and Pleasantville and so far as examined contains the better 
grade of stone, 

A third important area occurs south of Sing Sing. Other oe- 
currences are northwest of Peekskill, near Somers, Amawalk — 
Hastings. 

The limestones in this county are often highly magnesian, 
coarse to fine grained metamorphosed rocks. At times they are 
exceptionally free from silica. 

There are two important quarries at Sing Binet the one be- 
longing to Henry Marks the other to the Sing Sing lime co. - The 
stone in Mr Marks’s quarry is finely granular and slightly grayish 
in tint while the best stone in the Sing Sing lime co.’s quarry — 
is white and coarse grained but possesses a high degree of 
purity. | 


- 
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A number of samples V were collected from Marks’s quarry aut 
their average composition is as follows: 


RN UM EC ig RS GER Me ces unwed (Sig 6 wince .98 
“2 EAE COTS LSS Se AN eae MP re 30 
RE emMRPMI Vin et es Co ha awe ak slale aie, « he 84 
MTC tn aie g. Siod cae ie we eye, ve 8 abe » 31.40 
Le DLS ST eae aie an eaten ar am epee RIA 16.96 


This it will be noticed represents a high grade of magnesian 
limestone running very low in silica and probably suitable for 
the lining of Bessemer converters. There are certain layers in 
the quarry which have a tendency to become siliceous in their 
character and these have to be avoided in mining. 

The rock from Marks’s quarry has been shipped to Newark for 


. a number of years to be used as fiux. In this case the sorting 
was probably not as careful as it would have been for some pur- 


poses, and consequently the following series of analyses kindly 


_ furnished by Mr G. H. Stone of the New Jersey zinc and iron co. 


show a greater silica contents: 


LL. BG aa CP RD ei abate 6.77 204 a4 2.05 
oro eee et oe ga ae 
Alumina Dag 12 
EE BO ea a ee 45.02 29.05 25.42 34.63 
WE PSWERID) 6 ote so cre os aes 3.16 20.05: 22.3505. foco0 
PuGephoric acid. ..2s..: BO ex Seas tgt char ecko a aga ita eee 


MAO IG ICE 2 ots ie oe a ele See eee 44.11 


_ The good rock of the Sing Sing lime co. shows even less silica 
than that from Marks’s quarry as will be seen from the following 
analysis: 


EAs gk sa iia ocetelarele eo ee ots 87 
eae reemiemne ites ra eM Tne: 25 
MMMM et MY Ne eo dw lacie ob ae Celene if 
we LES a oR SE ae rages ane a 31.40 


-erystalline. Their asaoaion was found to be as ‘ane 


Bee es SHIA gs Pls oe as ee ee ee 
pete Wee oxida ore Poe ee 
Alumina 248 oloh Goi. gee eee nce 
Machesia.. 0s oof iie oe ee 


The best quality of stone makes a very white lump lime. 
The quarries at Tuckahoe, Westchester co. are most & 
sive and are all located in the same stratum, which extends ag 
east and southwest and has a thickness of about 40 feet. eS 
The firms operating the quarries are-O’Connell & Hillery, No : 
cross Bros. and the Tuckahoe marble co. also known as J. Si 
- clair & Co. 


granular character and moderately hard. re 
= . constant. The beds dip steeply to the west, and those “form i 
. | the walls of the quarry are very micaceous. = 
=O" pune. & oe s is the most ee quae and is 


facture of marbie dust has also eek coon Ber ves 
_ The following analysis of the stone was furnished by the com. 
pany: Soe 
Carbonate of limes ig 66S Us pe ee 

Carbonate of magnesia .................. 25.40 
Insoluble matter <<. 228 = 5 


= 


97.90 


The Tuckahoe marble co.’s quarry is three quarters of 
mile to the north. The quarry is about 400 feet long and 40 fee 
deep, and up to the present time the stone has been used f ) 

___ building purposes only. . 
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Still farther to the north about one fourth of a mile is Nor- 
eross Bros. quarry. The rock is similar in character to the pre- 
ceding but the quarry is smaller. 

Two analyses have been given of the stone. No. 1 was made 
by Prof. Thomas Egleston and no. 2 by the writer. 


il 2 
LIDS TLIO Ge Bee pate eae aoa ml Wag A are enon 1.33 
[ECS re Se 30.16 30.68 
ROUEN OA eon eo a des sence we ieccns 21.25 20.71 
ALD OD TGS CUES 0. 00°S x ee aie tense elae aoe 47.30 46.66 
BericrOxide fo wike 5 hla a oins ag Oe 
PaGaL fo epaiesioke hea don © Auaieh ot ents .02 16 
“STIE CONs Agee GA apne es ceive Ea ce pier 54 URS een tee 
PRM ARTANE REA, 1 2 Saar S Brehals x0e/o 3/8 id RY 8s aL Retains 2) 
LCT IST NE Mie ales SY Ree eet ee Garp onicsete 


100.00 99.75 


- The quarry at Pleasantville is the largest in Westchester co. 
It is operated by O’Connell & Hillery, successors to the Cornell 
lime co. The limestone is very uniform in its character and on 
account of its white color and coarsely crystalline character has 
been called ‘‘ snowflake marble.” Nearly the entire production of 
this quarry is. used for the manufacture of marble dust. The 
composition of the rock according to an analysis given in the 
16th annual report of the United States geological survey, pt 3, 
p. 468 is as follows: | 


PMP CA OMAN ar dias yo 8 atk aS 2 vache 54.62 
NE APINESE A CATV OWALG S605 ok is ocvecers Siw aiele dls 45.04 
PEOMRC ATONE cy ail skins tae Ck dee hab .16 
PR EIAIPTUAC ete ee hs i SS cv eo a byt sede spe 
Setge eee oe ne ee TG ea eh Ahad este .10 
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This does not quite agree with an analysis made by the writer 
which represents an average of the quarry as follows: 


Rime year pO Wate me Wee ee ieee wat or venereee 59.84 
Mapnesia: carbonates?) oe eae ae eee ee 36.80 
PNA TNER ein: Seta ene tere v ade Vanes cae Cee cual ae ae 40 
Errie ORIG ey Vai ke eenre pore eam eres eaten ‘25 
SULT GA sey ole geglaial: Pet's uae Gena a aliane Manne ieto heehee 2.31 

99.60 


A small quarry was once in operation near Scarsdale, West- 


chester co. but the rock contains considerable mineral impurities. _ 


. The crystalline limestone extends up the valley of Anns cove, 
and Sprout brook for several miles, and is exposed at a number 
of places, specially along the line of the narrow gage railroad 
leading up to the Edison magnetic mines.. The best exposure of 


this is in the quarry one and three fourths miles west of Peekskill ~ 
rock. The rock is a fine grained, grayish white stone, which seems — 


to be the better quality towards the eastern end of the mine where 
it is of a darker color. The working face exposed is over 75 feet 
long. The following analysis made by J. D. Irving shows the com- 
position of the stone, and illustrates the point that far less mag- 
nesia exists in this limestone than is found in other portions of 
Westchester co. The rock was formerly quarried for blast furnace 


flux. 
STGP URs oracle on ecunls jotta tare cur arian 2 ce eM Ra a 2.50. 
Werneoxid and aluminas.) e .. ayay 1.55 
PTAC CAT WOMALE: 6.5 Ua ait ions ae emeteetonmale eee 81.64 
Magnesia carbonate............. Pe a nes 13.50 
99.19 


Other exposures of this same rock outcrop, as low ledges on 
the property of Mr Higgins about two and one half miles west of 
Peekskill village. Some of these ledges show a stone of consider- 
able purity while in others the rock is rather micaceous. 


AN . Pans te 


analyses. kindly | ached "ike writer 
: are from the white crystalline limestone outcrop: vs 
thern end of Manhattan island: | 
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ric oxid and OTisina: 1.06 
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SYENITE AT HARRISVILLE 


INTRODUCTION 


\ 


AS riginally planned the field work for 1897 in the western 
half of the Adirondack region was to consist of two distinct — 
parts. It was thought advisable first to make a somewhat de- 
tailed study of what seems, in its bearing upon the great prob- 
lems of the region, to be a critical area embraced within the 
towns of Diana and Croghan, Lewis co. and Pitcairn and'Fine, - 
St Lawrence co. | 

After the completion of this work, the intention was to make 
a reconnoissance into the heart of the region in Herkimer and 
Hamilton counties. While this trip was planned as a means of 
acquiring all possible data for use in mapping, its particular aim 
was to ascertain whether or not the Adirondack region as a 
whole consists, as has been suggested by Van Hise,® of a great 
central mass or core of gabbro, surrounded bya fringe of ene 
schists, limestone, ete. with a quaquaversal dip. 

The latter half of the plan, thus sketched, was carried through 
on the lines originally laid down and with satisfactory results. — 
But the Diana-Pitcairn region proved to be so complex that it 
was found impossible to solve many of the problems afforded in 
the time available for the purpose and with the very imperfect 
maps at hand, and the work was finally dropped, to be taken up 
again it is hoped in a short time. Nevertheless as some valuable 
data were procured, in spite of the unfinished state of the inves- 
tigation, the writer will record them in the succeeding pages that 
they may be available should the completion of the work for any 
reason fall to others. 


DIANA-PITCAIRN AREA 
A belt of crystalline limestone crossing this area with a north- 
easterly trend divides it into two dissimilar portions. The 
northern margin of the limestone is cut by numerous intrusions, 


aCorrelation papers. Archean and Algonkian, Bull. 86, U. S. geol. surv. 398, 399, 413, 414 and 
Principles of North American Pre-Cambian geology. 16th an. rep’t U.S. geol. surv., p. 771-73. 
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ranging from granite to gabbro, and these give place farther 
north to the ordinary gneisses which extend several miles. ; 
On the south the limestone is bounded by a belt of rock whose 
character and relation to the limestone and gneisses have been — ‘ 
the object of special study. : 
This rock was referred to by Nason® several years ago as “i 
gabbro, like that of Essex co., and is probably what Van 
Hise and Williams® classed under the same head. A more de- 
tailed though brief account of it was given by the writer® three 
years ago. In the latter description the name gabbro was re- 
tained, on account of its previous use and from the fact that 
portions of the rock were found to consist chiefly of plagioclase 


f 


and pyroxene, but more because the rock was regarded as an out- 
lying portion of the great gabbro masses which at that time were 
supposed to be very widespread in the Adirondack region. 

But in using the term gabbro the writer was careful to state ~ 
that it was purely provisional and based upon no thorough petro- 
graphic study, the discussion in which it was employed dealing 
with the rock’s “ geologic relationships rather than its petro- 
graphic affinities.” It was also pointed out that the rock was 
quite variable in composition, ranging from gabbro to augite- 
syenite, and that data were lacking on which to base a con- 
clusion as to the relative abundance of the different varieties. — 
In subsequent casual references to the rock the writer has always 
accentuated the fact that its petrographic affinities were uncer- 
tain, but, unfortunately others have overlooked this qualification 
and so far as it has been mentioned the rock has been classed as 
an undoubted gabbro. 

So far as the work planned for this region was carried out *t 
indicates that the term gabbro should not be retained for this 
rock as a whole since the more acid augite-syenite variety forms 
by far the larger part of the mass. 


a iron bearing rocks of the Adirondacks, American geologist, 12:28. 

bOp. cit. ; 

a Crystalline limestones and associated rocks of the northwestern Adirondack region, 
Bull. geol. soc. 6:271-82. ' 

d Op. cit. p. 271. 
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The prominent features of this type of the rock have been 
presented in the paper referred to and need be only briefly re- 
stated here. Feldspar is the predominant constituent, giving to 
the normal gray variety the appearance of anorthosite. A deep 
green, non-pleochroic pyroxene, apatite and magnetite, with a 
varying amount of quartz make up the rest of the rock. In the 
field (see pl. 1, 2, and 8) it varies from almost entirely massive 
to distinctly gneissoid, the latter variety being by far the most 
common. Under the microscope the feldspar is shown to be a 
very fine microperthite, with more or less plagioclase, the former 
often building a rim around the latter. The feldspars are in 
large individuals while the other constituents are in small scat- 
tered grains or crystals. Some cataclastic structure is nearly al- 
ways shown and often it is beautifully developed. 

The role of the quartz is not easily determined as in some cases | 
it is rather abundant while in others it is quite lacking. In aver- 
age specimens it is to be regarded as an accessory mineral and is. 
not important in classifying the rock. 

The mineralogical composition of the rock indicates its affinity 
with the syenites as stated for this variety in the paper above 
cited, and this idea is supported by the chemical composition as. 
shown by the following analysis:@ 


SiO, 65.65 CaO 2.47 
Al.O, 16.84 PEC) 5.04 
FeO 4.01 Na,O Dia 
MgO 13 HO 30 

Misia si ie ola 


The figures given for the alkalis suggest the possible presence 
of anorthoclase, but no separation of the feldspars for more ac- 
curate determination has been attempted, as their ever-present 
intergrowth would make a separation difficult if not impossible. 
However if the prevailing microperthite is an intergrowth of 
potash and soda feldspars as is doubtless the case, it would suf- 
ficiently explain the alkali content of the rock. And the composi- 


a Crystalline limestones and associated rocks of the northwestern Adirondack region, Bull. 
geol. soc. 6:274. 
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tion taken in conjunction with the extreme fineness often shown — 
by the microperthite recalls very forcibly the explanation of — 
 anorthoclase as an ultramicroscopic intergrowth of potash and 
soda feldspars. : | 
As the more basic, gabbroitic variety has been found to be the — 
exception and the syenitic variety the prevailing type, in the 
following pages the term syenite will be used for the rock as a 
whole, though its wide range in composition is to be kept con- 
stantly in view.* While no extended petrographic investigation 
of the rock under discussion has been attempted such data have 
been sought as might shed light on the question of its origin, 
though on strictly petrographic data but little reliance has 
been placed. The structural relations existing between the 
syenite and the other rocks of the region have been studied as 
carefully as time would permit, and on them almost entirely have 
been based all conclusions as to the true nature and history of 
the syenite. ik 
The study of this particular rock was taken up because it was 
thought to afford a connecting link between some rocks of certain eee 
and others of doubtful origin. As shown in an earlier report 
some areas of gneiss in the western Adirondack region are with- . 
out doubt of sedimentary origin and others are as certainly 
igneous. Small areas of gneiss of composite origin are known, ~ 
and larger areas are probably igneous, while still others are of 
wholly problematic origin. : 
The rock under consideration has been thought to afford a clue 
which may be of service in making more definite our knowledge 
of these gneisses and it was for this purpose that its study was 
begun. But as already stated this study was left very incom- 
plete and from the facts gathered it is impossible to draw con- . 
clusions as far-reaching as it had been hoped to reach. — a 
The structural data bearing upon the question of the origin of | 
the syenite were presented in the former paper® and in the 


a Since the foregoing was written Prof, Cushing has described similar augite-syenite 
occurring in Franklin co, in close association with gabbro, of which the syenite is . 
thought to be an acid phase. The two cases are closely parallel but with the quantita- E 
tive relations of the rock varieties reversed. 

b Crystalline limestones and associated rocks of the northwestern Adirondack region. 
Bull, geol. soc. 6:276. 
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present paper only new localities and old ones that have been — 
reexamined need be considered. 

The apparent inclusions of pyroxene gneiss of the limestone 
Series in the syenite, occurring about a mile southeast of Harris- 
ville (pl. 4 and 5) were examined again with great care, and 
the immediate vicinity was gone over thoroughly. The pheno- 
mena are even more striking than at the first examination and it 
seems impossible to explain them as anything but true inclusions 
in an igneous rock. The pyroxene gneiss is in irregular, angular 
fragments from a few inches up to several rods in diameter, and 
is scattered through the syenite (here unusually massive) in the 
most irregular manner. The pronounced banding of the pyroxene 
gneiss is variously oriented in the different blocks, and is entirely 
independent of the prevailing northeast trend of foliation which 
‘the gneisses have when in place. But where a gneiss fragment 
is long and narrow its longest diameter tends to assume parallel- 
ism with the prevailing strike. Narrow spaces between adjacent 
inclusions are filled by the syenite which also sends tongues into 
the pyroxene gneiss, implying a high degree of plasticity in the 
syenite while the pyroxene gneiss was entirely solid. How this 
could occur except as the syenite was in the molten state it is 
dificult to see. Asif to give added meaning to these phenomena, 
the syenite close to the inclusions sometimes shows a slight band- 


_ing parallel to the adjacent side of the inclusion, only to be ex- 


plained as a Jow structure. 

These facts are restated here because they afford the strongest 
single piece of evidence as to the origin of the syenite, and would 
be of the utmost value even were they not supported by numer- 
ous other data leading to the same conclusion. 

To find in their normal position rocks closely resembling the 
included pyroxene gneiss it is only necessary to go about half a 
mile to the northward where rocks of this character are abun- 
dantly shown associated with the limestones. From this it is 
evident that the inclusions show not only that the syenite gneiss 
is igneous but also that it is younger than and intrusive in the 
limestone series. 3 


a SAY 
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Confirmatory though not conclusive evidence in the same direc- 
tion is found a few rods north of the locality described where 
there are several patches of impure limestone ranging from a 
few feet up to some rods in diameter, which are also with much 
probability intrusions in the syenite, though as is commonly 
the case with limestones the contacts are so hidden as to make 
it impossible to determine the relations with certainty. 

Similar phenomena are shown along the low ridge extending ~ 
westward from near the railroad station in Harrisville. The 
2 ridge is formed by the syenite standing up above the more easily . 
eroded limestone of the valley, and the two formations may be 
seen along the line of contact. This line is, for a supposedly in- 
trusive contact surprisingly straight, suggesting rather at first 
sight the contact between conformable formations, or perhaps a. 
fault line. But when traced in detail many features appear that * 
can be explained only as the phenomena of an intrusive contact. 

A few rods south of the station the syenite appears to send 
tcngues into a fine grained gneiss of the limestone series, but the 
outcrops are poor and the evidence indecisive. 

About one eighth mile west the syenite forms a slightly sinu- | 
ous contact with the limestone and with a peculiar gneiss, hay- 
ing the appearance of a contact zone. At the same time the 
syenite changes slightly, becoming nearly white and finer grained. 
The structure at this point is represented diagrammatically by 
fig:, 1, the section shown being rather less than a rod across. 
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Fig. 1 Contact of syenite with limestone series. Length of section about one rod. 


The meaning of the section is however apparent only when the 
fact is remembered that the structure would be quite different in 
other sections a short distance away along the strike. The sye- 
nite would be found cutting a different horizon of the limestone 
formation and the details would vary accordingly. 
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‘This fact becomes apparent on going a few rods farther west 
where the fine grained gneiss like that at the station is present 
in some quantity. The gneiss is distinctly banded and foliated, 
and these structures are cut squarely across for a distance of 
40 feet by the syenite, which partially surrounds an area of 
several square yards of gneiss. Still farther west the syenite 


Fig. 2 Contact of syenite with gneiss of limestone series. a Plan, b section along line 
A-B, c section along line C-D. Length of sections about 3 rods. 


sends numerous lenses into the fine grained gneiss, and con- 
tains many included fragments of the latter rock varying 
widely in size and shape. Some of these inclusions are clearly 
defined with sharp boundaries but others are somewhat blended 
with the surrounding syenite as though they had undergone a 
partial melting. One inclusion is a mass of green amphibole and 
pyroxene quite unlike the gray gneiss and probably a highly 
metamorphosed fragment of the limestone. 

A diagrammatic section of this locality is shown in fig. 3. The 
intrusion of the syenite into the gneiss in the form of narrow 
lenses with their long axes parallel to the foliation is in accord- 
ance with a very general rule in this region, to which. reference 
is made in a former report. Lenses and sheets are of frequent 
occurrence, and the latter in particular often closely simulate 
interbedded layers. 


vv 
i} 
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Fig. 3 Contact of syenite and gneiss of limestone series. Tongues of syenite in gneiss and 
inclusions of gneiss in syenite. Length of section about 12 rods. 


About a mile west of the station and just beyond the road to 
Lake Bonaparte the syenite projects out into the valley about an 
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eighth of a mile, apparently cutting out all of the fine grained — 
gneiss together with much limestone, but lack of outcrops again 
prevents a positive conclusion. Beyond this point the boundary 
of the syenite is vague and no structural data of importance are 
shown within the limits of this season’s work. 

East of Harrisville and about a mile south of Pitcairn forks, 
near the road leading to Goose pond the syenite boundary in” 
again shown and while the actual contacts are covered the break 
in outcrops is only a few feet and does not suffice to hide some 
important facts. The syenite appears a few feet south of a good 
outcrop of limestone and again just north of the latter. The | 
limestone is filled with coccolitic bands and irregular masses of 
feldspar of peculiar green and purple tints. The whole aspect — 
of this small outcrop of limestone suggests that it has been much 
altered by contact with metamorphism and it resembles closely 
some of the typical contact zones of the region. The limestone of 
the main mass a few rods to the north is on the other hand of 
the normal character. 

The writer would interpret this locality as another intrusive 
contact, the small area of impure limestone being an inclusion 
caught in the syenite. But from the description given it is evi- 
dent that the data are far from conclusive and are capable of 
totally different explanations. It is only when taken in connec- 


tion with other localities that this.one has a value chiefly con- 


firmatory. 

On making a comparison with the phenomena shown near the 
station one important point is brought out. At the latter locality 
the syenite is generally in contact with a narrow band of gray ~ 
gneiss, north of which limestone extends for a mile or there- 
abouts across the strike. At the locality just described on the 
other hand the syenite is in contact with the limestone itself, and 
continuing northward there is a series of alternating limestones 
and fine gneisses quite different from that at the other locality. 
This appears in the following figure of a roughly made section 
about a half mile in length. Thus it is evident that the syenite 
is in contact with different parts of the limestone formation in 
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CRYSTALLINE ROCKS OF THE WESTERN ADIRONDACK REGION 479 


different places, a fact which falls perfectly into line with the 
other structural data thus far accumulated. 


Fig.4 Contact of syenite and gneiss series. Length of section one half mile. 


A further and even more striking illustration: of the relation 
just brought out appears on the examination of exposures about 
one and one half miles east of the last locality where the road from 
Pitcairn forks to Jayville runs close to Jenny creek. Beside.a 
waterfall and dam in the creekthere is an excellentexposure of the 
syenite in contact with a fine, well laminated, dark gray gneiss. 
The contact is very sharp and there is no gradation between the 
two rocks though the syenite is as usual gneissoid with foliation 
parallel to that of the fine gneiss. The syenite forms lenses 
elongated in the direction of foliation and also irregular masses 
cutting across the foliation of the gneiss. 

The width of the lenses varies greatly as does that of the gneiss 
between adjacent lenses and sharp inclusions of the gneiss occur 
in the syenite. The phenomena are all exhibited with great clear- 
ness in a section parallel to the strike, and after a most careful 


s 


Fig. 5 Contact of syenite and fine gray gneiss presumably of the limestone series. The 
section is parallel with the strike and is about 25 feet in length, 
examination the writer found it impossible to arrive at any satis- 
factory explanation other than that of the intrusion of the sye- 
nite into the gneiss. Fig. 5 is taken from a field diagram of this 
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strike section. (See also pl. 6) The dip section is not well shown 
but as far as it can be seen corresponds precisely in its nature. 

On the whole this locality presents as strong evidence in re- 
gard to the true nature of the syenite as has been found any- 
where. To be sure the syenite here exposed is not continuous at 
_ the surface with the main body of the rock, but the latter ap- 
pears only a few rods away and the material of the lenses is ab- 
solutely identical with it. 

As intimated above, the rock cut by the syenite is of interest. 
when compared with that cut at the previously described locali- 
ties. At the first locality, it was a fine grained gneiss, with minor 
limestone, at the second it was limestone, here it is gneiss again 
but quite different from that. of the first locality, being darker 
colored, more varied and in much greater amount. 

At the first locality the gneiss was a rather narrow band over- 
laid by heavy limestone but here the gneiss is very thick continu- 
ing for several rods across the strike with no limestone showing, © 
though the highly pyroxenic character with some calcareous 
fragments almost if not quite in place make it practically certain 
that this gneiss is also of the limestone formation. 

So in addition to the striking phenomena presented by the dif- 
ferent localities singly we have a supplementary, large structural 
feature afforded in the contact of the syenite with different hori- 
zons of the limestone formation. | 

Taking all of these structural data together they seem sufficient 
to prove beyond doubt that the syenite is a plutonic igneous rock, 
-and the petrographic and chemical characteristics of the rock so 
far as they have been investigated are entirely in harmony with 
this view. | 

While at one time the gneissic structure would have been re- 
garded as positive evidence of sedimentary origin, at the present 
day it is quite unnecessary to advance any argument to prove 
that this is not the case, as such a structure is now known to have 
no necessary connection with bedding and to be quite as common 
in igneous as in sedimentary rocks. As to its origin in the 
present instance, the cataclastic structure which develops to a 
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marked degree as foliation becomes more perfect indicates that 
~ the latter is a product of crushing subsequent to solidification. 

Nevertheless the writer is inclined to think that flow structure 
is also present, though the secondary structure has made it dif- 
ficult to prove that such is the case except in some minor in- 
stances like that connected with the inclusions first described. 

It is the fact that this rock of wide exent is distinctly gneissoid 
and yet shows its origin clearly that has led the writer to deal 
with it at such length; for the western Adirondack region is 
largely made up of gneisses which have much in common with 
this rock, and any localities where determinate structural data 
are available demand close study, much closer indeed than has 
yet been given in any instance. So far as the studies have been 
carried on the only rocks found which closely resemble the great 
areas of gneiss and whose origin is fairly clear are those which 
are certainly or probably of igneous origin. On the other hand, 
the gneisses which from their mode of occurrence, structure and 
composition are almost certainly of sedimentary origin are very 
different as a class from the gneisses of the large areas above 
referred to. . 

The bearing of these facts and the inferences to which they lead 
have been discussed in a previous report. But while the con- 
clusion that some of the gneisses are certainly and most of them 
_ probably igneous seems fully justified in the present state of the 
inquiry, the writer constantly endeavors not to give undue prom- 
inence to this view in dealing with the facts in hand. | It is 
adopted as a finality only when, as in the case under discussion 
and in others previously described, it affords a rational explana- 
tion of phenomena that can be correlated and accounted for by 
no other hypothesis. 

The southern margin of the syenite is much less clearly defined 
than is its northern margin where it comes in contact with the 
limestone formation: Passing southward from the latter the 
syenite at first slowly and irregularly then more rapidly in- 
creases in gneissoid structure till at a distance of from three to 
five miles from the limestone a region of red hornblende gneiss is 


been carefully sought but as yet not conclusively established for ‘ 
the whole area. West of Natural Bridge in Jefferson co. the sye- 3 
nite uadmeston ally passes over into a very pee red — 


under the microscope the gradual ae of the rock can be fol 
lowed through every step. But in the region now under discus- 
sion the phenomena, while conclusive in regard to some parts of | 
the gneiss, are not so for others. From field evidence it is clear Bee ec 
that the hornblende gneiss adjacent to the syenite is merely Pigat es 
modification of the latter rock, the passage between the two being — : 3 
quite gradual with no break of any kind. Often the typical red Bx 
eneiss contains large feldspars identical with those of the syenite 5 a 
and evidently a residue from crushing. These portions of the - 
hornblende gneiss together with the Natural Bridge occurrences 
afford instructive examples of true igneous gneisses younger than _ 
the limestone series. she 
But farther south toward the Diana- Croghan line and in ne ee 
latter town there are large areas of red hornblende gneiss, — ee 


coarser, more massive and more quartzose than the gneisses 
clearly derived from the syenite. They more closely resemble — 
slightly modified hornblende granites, and indeed at some points, — ee: 
as for instance Jerden Falls, are nothing but hornblende granite = 
so far as structure and composition are concerned. While there 
is no doubt that the syenite passes into typical gneisses on a 
large scale, it is as yet uncertain whether these extensive areas 
of coarse hornblende gneiss to the south and east are derived 
from it or belong to a separate period of intrusion. In either — 
event there is doubtless a close relationship between the rocks: 
These coarse and rather massive gneisses were found by Mr 
D. H. Newland, working under the writer’s direction, to continue 
without perceptible break into southeastern St Lawrence co. 
beyond Cranberry lake and northward into the towns of Russell, 
Pierrepont and Parishville, constituting a very large area. Oc- 
casionally finer banded gneisses probably sedimentary appear, — 
and a garnetiferous amphibolite similar to that of Warren co. 
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occurs just north of Cranberry lake. At Clifton mine the schists 
and lean ore are of such a character as to indicate that they 
belong to the limestone series, though no actual limestone was 
found.- That a more detailed study of the region will show the 
presence of small, scattered areas of the limestone series is prac- 
tically certain. But the region as a whole is gneissic and affords 
a good illustration of the large scale on which the gneisses 
of plutonic habit occur. Throughout the whole area with the 
exceptions already noted the gneisses exhibit their usual char- 
acter, being quite uniform, massive, with almost no banding 
and the foliation striking northeast and dipping north. 

While it is probable that small isolated intrusions of gabbro 
occur, the absence of any large areas of this rock is noticeable 
and of considerable importance, as will be noted below. ~~ 

Before passing to the consideration of other topics it may be vi 
_ well to_sum up the important points which make the syenite of 
particular interest. It is a rock of considerable extent, covering 
not less than 75 square miles, is of igneous origin and younger 
than the limestone. But while its “habit” is usually igneous 
and its origin would be suspected aside from all structural data, 
the syenite is nearly always gneissoid and passes over into a 
typical hornblende gneiss, unquestionably a product of dynamic 
metamorphism.- Though commonly gneissoid, the syenite lacks 
distinct banding except in a few localities, where this structure 
is associated with basic segregation or with inclusions. While 
the rock is somewhat variable in composition, the variations take 
place very gradually and on the whole the composition is quite 
fixed over wide areas. 

All of these phenomena are what would be expected in a 
gneiss of igneous origin, and it is important to find them so well 
exemplified in this rock whose origin is clear. 

In gneisses of sedimentary origin on the other hand, pro- 
nounced banding with frequent and sudden changes of composi- 
tion at right angles to the strike are to be expected. The lime. 
stone formation furnishes abundant examples of the latter class, 
while, as stated in a previous report, the wide areas of gneiss 80 


frequent in St Lawrence and Lewis counties = . 
_ way to what would be expected of i igneous gneisses. 
| AS in moe cases direct pegs ie aie: never bee 


that close’ study of typical enuneiie of igneous and of se 
tary gneisses will furnish data on which, in most cases, 


justifiable conclusions as to origin may be based. But 
will always remain a group of intermediate character | 
opel wu be doubtful.- aes and more refined methods « 


| ever be obliterated seems at bose ee 


sonnei ete me 


oo “As stated in the beginning of this report, there is a mat a 


contrast between the rocks on the northern and pa si 
of the Diana-Pitcairn limestone belt. 
great variety, the latter much sameness. No effort has been 
made to straighten out the tangle of intrusive rocks, igne ve 
oe eae pees | and limestones which ges in the 


the writer has seen in the Adirondack region. 
any approach to accuracy will require a large scale ba 3 
= much careful work. Only a few facts need be recorded here 
and, owing to the very brief examination of this portion of ! 

region, they are quite disconnected. p 4 

About two miles north of Harrisville the Gouverneur ro 


high, steep ridge of gray granite rises. 
tially of granite, the ridge shows numerous outcroppings of li b: e- 
stone scattered irregularly over it. These patches of limestone 
are clearly inclusions in the granite and are more or less affected SK 


by metamorphic agents. In general the grain is very coarse | 


> 


Cy ae 
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_ 


and this is sometimes 
4 Less often though by no means rarely, typical contact zones, in 
which pyroxene is the most abundant mineral, are developed. 


‘accompanied by a beautiful blue color. 


Occasionally inclusions of the fine pyroxenic gneisses of the lime- 
stone formation may be found analogous to those shown in the 
syenite. Abundant veins of pegmatite and quartz doubtless rep- 
resent the last stages of igneous activity at this point. 

Half a mile west of this locality, across the Oswegatchie river 
is a bold hill made up chiefly of gabbro which was described at 
some length three years since.® 

This same rock has been found in scattered areas of smaller 
extent two miles or more to the westward. In these occurrences 
it is often extremely coarse and very basic, looking almost black 
at a short distance. In the field it would be taken for a basic 
 diorite, but in thin section shows prevailing pyroxene, though 
hornblende is always present and sometimes in preponderance. 

These outcrops usually show a marked gneissoid structure and 
the true nature of the rock might be a matter of doubt but for 
the outcrops referred to above where the intrusive character is 
plain. The tendency of these intrusions to assume the form of 
greatly elongated lenses or schists, combined with the gneissic 
structure of the rocks, is apt to lead to confusion in distinguish- 
ing between intrusive and interbedded gneisses. 

te good illustration of this difficulty is afforded by a section 
shown just south of the new sawmill a half mile west of Gier’s. 

The actual outcrops cover about one eighth of a mile, the whole 
section being about one half mile in length. Starting on the 
north there is a heavy well-banded garnetiferous gneiss with a> 
lens of gneissoid gabbro. Below this is limestone with lenses of 
granite sometimes massive and sometimes extremely gneissoid. 
_ Whether there is some fine, acid gneiss of different origin here 
too, or whether it is all granite, is open to question. After a 
wide break another large mass of gneissoid gabbro appears. 

In this section the limestone and granite are readily classed 
as sedimentary and igneous respectively, but with doubt as to 


a Crystalline limestones and associated rocks of the northwest i i 
Bull. geol. soc, 6:268-70. ; pam Pee 
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part of the latter. The gabbro occurs quite like an interbedded : 
basic gneiss, but is clearly the same rock seen elsewhere as an es 
intrusive, so that its character is fixed by indirect evidence. S 
Finally as to garnetiferous gneiss, we have no single positive Es * 
piece of evidence to determine its nature, but it can be traced e ni 
for several miles along the strike, appearing to be a definite ae: 
horizon in the limestone formation; it is well-banded and quite — 
variable in both composition and structure; it does not at all re- a: 
semble in its appearance an igneous rock, while it is quite like — 
a great many other garnetiferous gneisses which have been seen 2 : 
in the region, always closely associated with limestone. In view _ . 
' of all of these facts it seems highly probable that this garnetifer- 
ous gneiss is of sedimentary origin, a constituent member of the 
limestone formation. : 

It is of interest to note as confirmatory of this view that in~ 
thin sections it is seen that the order of crystallization in the 
gneiss is not that normally. present in igneous rocks: Instead 
the ferromagnesian mineral, mica, was the last to form, wrap- 
ping around and including quartz, feldspar and other constitu- 
ents. The mica moreover is the golden brown phlogophite vari- — 
ety so common in the limestone. | 

It need hardly be stated that no great reliance is placed on 
this structure as an indication of origin, for not only does the 
order of crystallization vary, but in a region of intense meta- — 
morphic action like this the order might be and indeed certainly 
has been in some cases entirely changed by recrystallization. 

Nevertheless it is interesting when taken in connection with 
the other facts regarding the gneiss and may prove of value if — 
found to bearule. Already this inverted order of crystallization 
has been noted in several gneisses which like the present one 
give many indications of being sedimentary. 


FULTON CHAIN AND RAQUETTE LAKE AREA 


As nearly all the work hitherto done in the western half of the 
Adirondack region had been in the marginal portions of the cerys- 
ialline area, it seemed advisable to make a trip into the heart of a 
the region and take the first steps toward bridging the gap that 


CRYSTALLINE ROCKS OF THE WESTERN ADIRONDACK REGION 487 


has existed between the writer’s work on the west and that of 
Professors Kemp and Cushing on the east. As above stated, it 
was farther desired to settle if possible the question of the exist- 
ence of a great core of gabbro, which has been assumed to make 
up the central part of the region. Hamilton co. being practi- 
cally unknown from a geological point of view, except for a few _ 
facts published by Emmons and some work done by the writer 
several years since, and the same being true of central and north- 
ern Herkimer co. it was decided to examine the region contiguous 
to the Fulton chain of lakes and Raquette lake in these counties. 

This work as carried out gave a section across Herkimer 
co. and well into Hamilton co. and passed through the hitherto 
unexplored area lying in the heart of the Adirondack region. In 
consequence, while the work was in the nature of a hasty recon- 
naissance and few details were gathered, the broad facts estab- 
lished are of very considerable importance in their bearing on 
the geology of the Adirondack region as a whole. } 

Approaching this area along the line of the Adirondack and St 
Lawrence railroad the first outcrop of crystalline rocks is seen 
in the bed of Woodhull creek about an eighth of a mile north of 
the Forestport station. The rock is a rather massive, coarse, 
hornblende gneiss and when freshly blasted is of a deep gray 
color with a slight greenish tone. The grain is quite variable, 
and coarse, almost pegmatitic areas are seen with some quartz 


veins. The strike is northeast. 


This rock continues two or three miles north and then a pink 
gneiss mingled with gray comes in. Two and one half miles north 
of White lake a quarry has been opened in a high, steep ridge, 
round the northeast end of which the railroad runs. The rock is 
an acid gneiss in various pale tints of pink, green and gray and 
often contains large bunches of garnet (pl. 7). 

Most of the outcrops shown along the railroad as far as Fulton 
Chain station consist of either pink or gray massive gneiss, 
though some dark, more schistose rocks occur in small patches. 
Similar rocks are crossed in driving from Fulton Chain to Port 
Leyden in the Black river valley, the coarse massive gneisses pre- 
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vailing, but the finer gneisses coming in occasionally. At ahd? 
near Moose river well banded fine gneisses and rusty gneisses 


strongly suggest the limestone series, though in the hasty ome : Le 


ination made no limestone was seen.@ 4 


At Fulton Chain station a ridge of reddish gneiss is shown | 


west of the track. The rock is sometimes quite massive and 


again well foliated with’ strike n40°e and dip 25°n. A few 
rods north of the station in this ridge is the mine which © 
furnished the ore for the forge which has given the name to the 


neighboring hamlet of Qld Forge. Though the ore deposit is of 


surprisingly meager dimensions to have led to the investment of © 


considerable money, even under the conditions existing nearly a 
century ago, it is not without interest. | 
The opening is broad and low, of slight depth but sufficient to 


expose the ore well. At this point the rock of the ridge is very | 
massive, having all the appearance of a medium grained, red 

hornblende granite. Irregularly scattered through this rock and — 
shading into it by imperceptible degrees are areas of fairly coarse — 


— ee 


pegmatite. These areas are sometimes vein-like in form but quite ~ ; 


as often entirely irregular, and their gradual blending with the 
country rock is so marked that it seems hardly possible to regard 


them as intrusions. While sometimes highly quartzose, the peg- 
matite is more generally marked by a great predominance of feld- - 


- gpar in roughly bounded crystals. Under the microscope this 
feldspar is shown to be an acid plagioclase. 


Filling the interspaces between the feldspars or the feldspar a 


and quartz is magnetite, which serves as a sort of binding ma- 
terial to hold together the other minerals; and it is this rock that 
constitutes the ore. In the dump specimens as well as in the 
walls of the mine the magnetite is a decidedly minor constituent 
of the pegmatite, which is itself in limited amount. So the ore is 
very lean and forms a limited and irregular body in a hard wall 
rock. But as the proportion of magnetite varies widely and 
occasional lumps are comparatively rich, it is probable that a 
little fairly good ore may have been taken out. 


aSince the above was written Mr D. H. Newland has found a little impure lime- 
stone at this point. ' 


Plate 7 


ACID GNEISS, WHITE LAKE 
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From the genetic point of view the ore presents an interesting 


- but troublesome problem. The basis of known facts is so meager. 
as to make any conclusion very hypothetical, for even the nature — 
_ f the country rock is uncertain. But whether this rock is igne- 


ous or a very intensely metamorphosed sediment, it seems to the 


_- writer that we are forced to about the same explanation for the 


. _ore body. 


Assuming the rock to be as it probably is igneous, the structure, 
composition and mode of occurrence of the pegmatite are opposed 
to the idea that it is a strictly primary igneous segregation. In- 
stead it is much more likely to have resulted from the action of 


_ hot solutions, aided perhaps by vapors, acting during the cooling 
of the rock. | 


If on the other hand the country rock is of sedimentary origin, 


_ it has undergone such intense metamorphism as to be con- 
verted into a rock having all the structural peculiarities of a 
: granite. Even if such a complete change can be effected with- 


out fusion, it can hardly result without the production of much 


heat and in consequence heated solutions would. play an active 


part in the process of crystallization. 
It is to these solutions that we must look for the formation of 


_ the ore deposits, and thus we are led to accept a process quite 


similar to that first suggested. In either case the ore is regarded 
as concentrated by hot solutions from the immediately adjacent 
rocks. 3 

That the ore was formed by one of the processes mentioned and ) 
most probably by the first seems to the writer a natural and jus- 
tifiable inference from the phenomena presented in the deposit, 
though with the scanty data at hand it is impossible to follow 


| the process in detail or even to be certain of its truth in a general 


way. ~ ; 

It is interesting to note that with this as with the other mag- 
netite deposits thus far seen in the western Adirondacks there is 
nothing to suggest its origin as a contact deposit where gabbro 


ei |<) intruded into gneiss, aS Prof. Kemp has shown to be prob- 


able in the case of the large bodies of magnetite in the gneisses 
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of Essex co. The western magnetites are so far as seen 
either portions of the country gneiss abnormally rich in mag- oes 
netite and shading off on all sides into the ordinary rock, show- a 
ing no well defined ore body and with no associated intrusive : 
masses, or they are simple segregations of magnetite in an 
igneous rock, such as those in the syenite of Diana and Pitcairn — 
above described. The latter are of course analogous to the titan- th : 
iferous magnetites of the gabbro areas in Essex co. though on a 


much smaller scale. 


From Fulton Chain station a reconnaissance was made to the 


southeast, east and northeast, embracing the region about Little 


aare 
4 % 
ee 


Moose lake, Lime Kiln ereek, and Lime Kiln, Fulton Chain, North 


Branch, Big Moose, Raquette and Forked ‘lakes. This examina-- 
tion gives in addition to previous work a section of considerable — 


width, extending from the Black river in Lewis co. across Herki- 

mer co. and half way across Hamilton co. Throughout this lake 
- region there is, excepting a few localities to be referred to later, a 
great uniformity in the geology and the area may be briefly de- 
scribed as a whole. | 


The prevailing rock is a medium grained hornblende gneiss, 


closely resembling that described as occurring at Forestport. In 
ordinary weathered exposures the rock is light brown, but when 


fresh is a deep gray, sometimes with a greenish tinge, or a pale ~ 


red, the passage from one color to the other being quite gradual. 


While foliation is usually shown, it is seldom very perfect and — 


massive phases are common. Banding though occasionally 
present is a decidedly exceptional feature. The foliation strike 
is prevailingly northeast though exceptions are not rare, and the 
dip when shown is usually to the north. 

The most pronounced feature of this rock is its uniformity 
over wide areas, the utmost sameness being presented in a very 


large percentage of the outcrops seen throughout this region. It 


is well shown at many points along the shores of the lakes and 
on the neighboring mountains. | 
The same unformity marks the rock as seen in thin section. 


It is an aggregate of microperthitic feldspar, quartz and deepiat 


FELDSPATHIC CRYSTALLINE LIMESTONES (PSEUDO-CONGLOMERATE). ROCKY POINT, 
FOURTH LAKE, FULTON CHAIN 
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green hornblende, with accessory zircon, magnetite, etc. Not un- 
commonly a grayish green, monoclinic pyroxene appears with or 


instead of the hornblende, and biotite is occasionally present. 
The microperthite rarely gives place to a plagioclase feldspar. 
The quartz is on the whole the most variable mineral as to quan- 
tity, usually being present in abundance but sometimes quite in- 
conspicuous. Cataclastic structure is notably rare, having been 


' obliterated if ever present by recrystallization. 


Gneissic rocks differing in a more or less marked degree from 


‘the last occur on a small scale, and in some cases are doubtless 


peculiar modifications of the hornblende gneiss, while in others 
they must be regarded as quite distinct. Of the latter class is a 
very dark colored rock outcropping on the recently constructed 


road from Fourth lake to Mohican lake about two miles west of 
_the latter. This rock is composed of strongly pleochroic hypers- 


thene and basic plagioclase with an abundance of garnet. In 
mineralogical composition therefore it is garnetiferous norite, but 


as its structural relations are unknown: it can not be classed as 


an igneous rock, being more-probably a member of the limestone 
formation. ’ ; 

Another gneiss that appears to be totally distinct from the pre- 
vailing hornblende gneiss occurs on the long point jutting out 
from the western shore of Raquette lake. This is a rather fine 
grained rock made up of thin alternating pink and green bands. 
Nothing could present a greater contrast to the massive, uni- 
form gray gneiss and it is such a contrast as seems to demand the 
recognition of the two rocks as entirely different formations. 
Still other types of gneiss appear, but those only need be de- 
scribed which occur in connection with the crystalline limestone 
which has been found to have a considerable development in this 
region. 

In a previous report the writer stated that, while in passing 
from the large limestone belts of St Lawrence co. toward the 
southeast the amount of limestone decreased, it was probable 
that scattered areas would be found ali through the Adirondack 
region. This is borne out by the presence of several such areas 
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Fourth lake, on the north shore of Sixth lake, on the island in 
Seventh lake, on the west shore and the island of Eighth lake, on 


at Moose River. 


a In view of the fact that the limestone on account of its ready H 
solubility is apt to be very inconspicuous, and that only a rapid 


in the region now under consideration. Typical crystalline 
limestone has been found in rather small quantities at the head of 


Ges 


_ Lime Kiln creek and on the east shore of Raquette lake. Rise E = 
; gneisses like those of the limestone formation but not accom- 
es panied by any actual limestone have been found at two points. 
between Seventh lake and Mohican lake, on Lime Kiln lake and 


reconnaissance of the region was made, it is certain that-other 


limestone areas occur and that it is by no means a rare rock. 


Perhaps the most typical development of the limesone is on 
Lime Kiln creek southeast of Little Moose lake near the logging 


dam. ‘The limestone here is coarse and fairly pure though pene- 


trated by a great deal of pegmatite. Rusty gneiss is present, 


much contorted, and the whole association and structure is pre- ee 


cisely like that of the limestone belts of St Lawrence co. 


At the logging dam there is exposed a well banded, fine gray ae 
gneiss which would be suspected of belonging to the limestone ss 
series, even if the limestone itself did not appear in the immedi- | 


ate vicinity. 


quartzose rock, the two apparently bedded rocks of sedimentary 


origin. Thin section shows these rocks to be, the one of true 
mica schist, the other an impure quartzite containing much — 


pyroxene, zircon, etc. No equally good examples of these two 


types of metamorphosed sediments have been seen by the writer | 


About half a mile down stream’ from this point at the wioeth * 
of a small brook there is an outcrop of mica schist and a highly a 


anywhere else in the Adirondack region. The presence of the © 


limestone five or six hundred feet up the brook, showing the : 
Same strike and dip (n40°e, 45°n) as do the schist and quartzite, . 


tends to substantiate the conclusions as to the sedimentary origin 


of the latter. The facts observed in this vicinity indicate the 


a 
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FELDSPATHIC CRYSTALLINE LIMESTONE, WITH LARGE INCLUSIONS. ROCKY POINT, 
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presence of quite an extensive belt of the limestone formation 


_ which should be traced in detail. 


Rocky point and Goethe’s point at the head of Fourth lake pre- 


sent a variety of the limestone totally different from any that — 


the writer has.elsewhere seen. The limestone with associated 
eray and rusty gneisses occupies only a small area and might 


easily be overlooked did it not form the shore of the lake for a 


short distance. Ona weathered surface the rock presents at first 
glance a marked resemblance to a fine conglomerate, with the 
pebbles projecting above the more yielding cement. But on 
closer inspection the pebbles resolve themselves into crystals of 
feldspar from a quarter of an inch up to one or two inches in 
diameter, while the cement is fine crystalline limestone contain- 
ing much pyroxene. | 3 

It is evident that the feldspars are not residual but a product 


of crystallization in situ. For not only can no foreign source be > 


discovered for them, but their angular form, unity of character 


and relation to other minerals show their autogenic nature. The 


limestone also shows large angular and rounded masses of 
schist and pyroxene gneiss scattered through it, which further 
recall the appearance of some conglomerates. But it is evident 


- that these fragments are identical with the schists and gneisses 


of the limestone formation itself, and when the breccias and 


pseudo-conglomerates of the limestone of St Lawrence co. are 
recalled, it is clear that this is an extreme case of the same kind. 
The formation has been subjected to pressure sufficient to crush 
the imbedded gneisses and schists and mingle the fragments with 
the flowing, putty-like limestone. 

The appearance of the feldspathic limestone is shown in 
plate 8. The peculiar “ pebbly ” aspect is evident, while at the 
same time the very characteristic surface produced by weather- 
ing is quite aS apparent as in a normal crystalline limestone. 
The pseudo-conglomerate is shown in plate 9, which also affords 
a nearer view of the feldspathic limestone. 

In addition to the peculiar feldspathic limestone described 


there is a good exposure of typical limestone associated with , 


= CEO ele A ne 
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micaceous and hornblendic schists on the point a few r d 
of Rocky point. The normal weathering with smooth ro 
surfaces with the formation of small crevices by solution zi 
shown in plate 10. | 1 aa <3 

The island near the south shore of Seventh lake is made up of 
rusty and well banded gneisses with some highly impure quart- 
zose limestone. In the rusty gneiss are thin beds of chondroditic 
limestone. This is a rare rock in the western Adirondacks, hay- 
ing been previously found so far as the writer is aware only in 
the town of Rossie, St Lawrence co. In the present case 
the chondredite is of a rich reddish brown color, and is very 
abundant, affording a rock of a beauty seldom surpassed. 

The rusty gneiss also contains many lenses and veins of coarse 
calcite rich in quartz, mica, pyroxene, ete. This calcite dissolves 
with a very smooth surface, quite unlike the rasp-like surface 
commonly shown by weathered crystalline limestone, and as a’ 
result of this solution the gneiss is full of cavities containing the 
Icosened silicates, etc. | 

Layers of almost pure, gray tremolite are shown and other 
layers are highly micaceous. Graphite is abundant through the 
rocks, while veins, lenses and irregular masses of quartz and 
pegmatite are present in great quantity. 

While there is some variation in strike and dip, the ordinary 
northeast strike and steep northerly dip predominate. Plate 11 
shows this locality as seen from the lake. 

The great variety of rock shown here illustrates in a striking 
manner the general rule that the gneisses which are of undoubted 
sedimentary origin vary widely within narrow limits and retain 
much of their original bedded character. But even here there is 
not lacking an element of uncertainty; for there are present two 
layers or lenses of fine, pink granitic gneiss, quite unlike the 
other gneisses and in every respect resembling an igneous rock. 
That it is such is extremely probable and yet the structural data 
presented are not sufficient to establish the fact. 

Rusty and gray banded gneisses also appear on the adjacent 
south shore and on the north shore near the outlet, and, though 
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no limestone is present, there can scarcely be a doubt that these — 
eneisses belong to the limestone formation. 

On the west shore of Eighth lake and on the island are good 
exposures of a typical crystalline limestone, rich in mica, pyrox- 
ene and graphite. The usual gray and rusty gneisses with a 
coarse amphibolite are present but are not well shown. 

The only limestone seen on Raquette lake is located at the end 
of the long point just south of Marion river. The limestone itself 
is in very small amount and quite impure but the rusty gneiss 
has a very considerable development. 

As already stated no other occurrences (with a single excep- 
tion to be mentioned below) of actual limestone have been found, ~ 
but the formation is probably represented as indicated on the 


- map by rusty and well banded gneisses at several points. 


From the foregoing it is evident that the limestone formation 


has a very considerable development in the region under con- 


sideration and that it corresponds closely in character with the 
limestone formation of St Lawrence co., though so far as seen. 
there is a relatively larger amount of the associated gneisses 
and schists, and the limestone itself is decidedly less pure. While 
it is natural and for working purposes convenient to assume that 
the limestone formations of the two areas are essentially the 


same, the fact must not be lost sight of that this assumption will © 


perhaps never be proved true. And even with this condition the 
assumed equivalency must not be considered as analogous to the 
equivalency of different areas of a paleozoic or later limestone, 
but rather as meaning a deposition at not greatly separated in- 
tervals with a subsequent history essentially identical. 

From the data presented above it is clear that this considerable 
area in the very heart of the Adirondack region is made up essen- 
tially of gneiss, with minor quantities of crystalline limestone 
and its associated. sedimentary gneisses and schists. | 

While local variations come in, all of these rocks show a pre- 
vailing northeast strike and northerly dip. This is entirely analo- 
gous to what is shown in St Lawrence, Jefferson and northern 
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Lewis CO., though there’ ne limestone i is more abundant ea there. i, 


is a greater variety of rocks. 
A considerable area in (poe Hamilton co. exam: 
ined by the writer some years since is made up almost eee 


of a gray gneiss practically identical with that of the lake region _ 
here described and having the same prevailing strike and dip. ss 


We have thus three areas stretching entirely across the western | : 


half of the Adirondack region, one at the north, one at the south — 


and the third midway between, and in all of these areas the rocks : 


are essentially gneisses with more or less limestone, and always 
with a prevailing northeast strike. So far as the writer is in- 


formed these facts fall closely in line with the results obtained by : 
Professors Kemp and Cushing on the east and lead indubitably - 


to the conclusion that the Adirondack region, instead of consist- 


ing of a great central mass of gabbro surrounded by a narrow | 


fringe of gneisses and limestones with quaquaversal dip, is essen- 


tially. composed of gneisses with numerous limestone belts, hay- _ 


ing northeast strike and north dip, and cut through on the east 4 e 


by immense intrusions of gabbro. It is still possible of course 
that some areas of gabbro may be found in the unexplored por- 


tions of the western half, but even should this be so it would not es 


So 
i 


materially modify the above conclusion, as they must necessarily 


be isolated intrusions of no great extent, rather than parts of a Ae 


large area. Very small intrusions of gabbro have been as we 
matter of fact found in abundance, and the writer has mad | ' 


that they were derived from a central core, but this supposition — 
must now be abandoned and these gabbro intrusions recognized _ 
as quite independent phenomena. 


The foregoing accentuates the fact emphasized by the writer _ es 


in his last report that the great problem of the Adirondack region 1s 


_lies in the origin of the gneisses and their relations to the lime- 
stone formation. As to the importance of this problem it is 
only necessary here to add that it is if possible increased by the 
establishment of the great area which these rocks occupy. ‘sop 
On this problem the facts above enumerated have a bearing 


though they are far from affording a solution. That some of the ; 
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gneisses are igneous and others sedimentary is assumed to be 
proved and examples of both kinds have been cited. But in the 
gray hornblende gneiss of the lake region we have a great forma- 
tion of whose origin nothing is known from direct and positive 
evidence. : 

That it is part of the limestone formation the writer finds it 
difficult to believe in view of its extreme uniformity and lack of 
banding, in both of which respects it is totally different from the 
gneisses which evidently belong with the limestone. 

This uniformity together with the composition and structure of 
the gneiss seems to the writer to indicate with great probability 
an igneous origin. This idea is strengthened on comparing the rock 
with the syenite gneiss of Diana above described, the two rocks 
being somewhat similar in composition and structure. Pointing 
in the same direction are the facts presented on the north shore 
of Sixth lake, where in a steep cliff the limestone is cut through 
and through with typical intrusive contact zones by a granite 
which runs over into gneissic facies closely resembling the horn- 
blende gneiss. Nevertheless this rock is not continuous at the 


surface with the main mass of the hornblende gneiss, and s0, 


while the occurrence is suggestive, it is far from conclusive. At 
no other point is there any direct evidence as to the relations be- 
tween the limestone and the gneiss. 

Thus, while in the writer’s opinion, this great formation will in 
all probability prove ultimately to be of igneous origin, the evi- 
dence thus far obtained is clearly insufficient to establish beyond 
question that such is the case. 


HAMILTON CoLLEGH, Cuinton, N. Y. 
February 1898 


PRELIMINARY REPORT ON THE GEOLOGY © 
OF WASHINGTON, WARREN AND PARTS 
OF ESSEX AND HAMILTON 
~ COUNTIES 


By J. F. Kemp anp D. H. Newranp 


1897 


Jamps Hatt, State geologist. 

Sir—I submit herewith a continuation of my previous reports 
upon the erystalline rocks of the eastern Adirondacks. The 
former papers have dealt exclusively with Essex co. In the 
present one the work has been done in Washington, Warren and 
Hamilton counties, and in a small part of Essex, which I had not 
previously reached. The field work has been chiefly performed 
by Mr David H. Newland, B.A. acting under my general diree- 
tions. During a part of the time Mr Newland was assisted by 
Mr B. F. Hill, B.A. Ispent a week with the former in the complex 
area around Whitehall, but aside from this and from some recon- 
naissance trips through Warren co. in previous summers, the re- 
port though written by myself is based upon his observations. | 

Fl : | Very respectfully yours 
J. F. Kamp 
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INTRODUCTION—OUTLINE OF GENERAL RESULTS 
By J. F. Kemer and D. H. NEwLanp 


The field work for the accompanying report was done in Au- 
gust, September and October 1897. It was chiefly performed 
by Mr Newland, acting under the general direction of Prof. Kemp 
by whom the report has been finally written. The area joins that 

portion of Essex co., lying to the north, which has already been 

reported upon,” and it is our intention to complete if possible in 
1898 the mapping of the crystalline rocks to the fringe of paleo- 
zoic strata on the south. 

One of our chief objects, specially in the northwestern portion 
of the region here described has been to determine the southern 
and southwestern limits of the Norian series of labradorite rocks. 
Our work has proved that on the southwest so far as we now 
know, they do not cross the Essex co. line, but are succeeded by 
the usual gneisses and crystalline limestones. This will appear 
at once from the geologic maps submitted herewith. We have 
found them on Moose pond, on Mt Santanoni and on Cold river 
near the Preston ponds, but to the west and south, beyond these 
points they soon die out. Inasmuch as they are reported to re- 

appear at the gorge of the Mohawk at Littlefalls, there are 
probably other small areas in the intervening wilderness, but 
we do not anticipate extended developments.2 Prof. Smyth’s 
work will throw light on this question in time. This statement 
refers specially to those rocks which are chiefly labradorite (i. e. 
the anorthosites). The basic gabbros we have found in wide dis- 
tribution and some of our gneisses as later set forth may belong 
with the Norian rocks. 

As a result of the field work on which this report is based and 
of the subsequent study of thin sections of many of the rocks as 


aJ. FE. Kemp. Preliminary report on the geology of Essex co. 15th annual report 
of the N. Y. state geologist, 1895, p, 575-614. 

bA small area was discovered by Mr Newland in 1898 in the northwestern corner of 
Warren co. i 


506 NEW YORK STATE MUSEUM 


well as of the experience which has been gained in Essex co. and 
of the work of Prof. Cushing on the north, some important ad- 


vances have been made regarding the nature and origin of some ~ 


of these puzzling gneisses. We have been impressed specially 
with the following facts: 

1 Crushing and granulation of what were formerly massive 
and rather coarsely crystalline rocks have been excessive. The 
region of the crystalline rocks in Washington and Warren co. 
must have suffered extreme dynamic metamorphism. Finely 
granular gneisses were met repeatedly that were taken for 
quartzites at first, but which microscopic study shows to be 
crushed eruptives. The gneissoid structure hag been super-in- 
duced upon them by these processes, and even uncrushed nuclei 
or lenticular eyes (Augen) have been destroyed. Apparently 


biotite has been prone to develop along some surfaces of displace- C 


ment. In the exposures about Whitehall the crushing and 
granulation are specially marked. 
2 Our knowledge of the geology of the region will be greatly 


advanced as soon as we can find the necessary evidence to prove © 


what the gneisses were before they suffered metamorphism. In 
former reports mention has been made of gneisses of a general 
greenish color which have been found under the microscope to 
consist of microperthite in largest part, with which are varying 


amounts of quartz, brown hornblende, emerald green augite, 


hypersthene, plagioclase and small accessories. Varieties? rich 
in quartz have been met and again others with no quartz but 
with abundance of dark silicates. The commonest variety is 
near syenite in composition. These rocks have been very puz- 
zling, because in the field they resembled gabbros so closely, 
whereas in the laboratory thin sections showed mostly micro- 
perthite, i. e. orthoclase, thickly penetrated with albite. They 
were specially cited when Ticonderoga township was described 
in the report for 1893, p. 452. All the varieties on the south were 


a See Report, N. Y .state geol. for 1893, p. 452: petrography of series 1 in Ticonderoga; 
p. 470, North Elba, series 1. 
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observed to be so thoroughly gneissoid that the microperthitic 
structure was regarded, in accordance with widely prevalent 
views of it, as a result of metamorphism. Meantime an import- 
ant memoir by F. Kolderup® has appeared upon an area of 
labradorite rocks near Soggendal, Norway, in which true igneous 
types containing microperthite and dark silicates in quantity, 
are described as associated with anorthosites; and Prof. Cush- 
ing. has found them near Loonlake station, Franklin co.,? in 
perfectly massive form and containing angular inclusions of 
eneisses belonging to the series of the crystalline limestones. 
This latter discovery was a most important addition to our knowl- 
edge of the Adirondacks and has aided to clear up many obscure 
and puzzling facts which have been often observed by one of us 
(J. F. Kemp). The Loonlake,° Franklin co., rocks are regarded 
by Prof. Cushing, doubtless with entire correctness, as belong- 
ing to the eruptive series of which the labradorite rocks are the 
leading members, but as they are in highly gneissoid development 
in the area here described, and as they are far from the labradorite 
rocks, they are mentioned in the general series of gneisses. For 
convenience they will be called the “ Whitehall type” of gneiss 
because they are abundant in Whitehall, just in the southwestern 
outskirts of the village, where they are quarried for under- 
pinning. We may therefore safely refer to an original eruptive 
rock, all the dark green gneisses that have this mineralogical 
composition, however strongly foliated they may be now. 

& In a former report by one of us,? a coarse porphyritic rock of 
the general mineralogy of a diorite was mentioned. Somewhat 
similar ones were found in several places during the field work of 
1897, but most important of all is a hill north of the village of 
Horicon, that is a coarse granite-porphyry.. It has large pink, but 
thoroughly granulated phenocrysts of microcline in a rather 


aF¥. Kolderup. Die Labradorfelsen des westlichen Norwegens. Bergen’s Museum’s Aarbog, 
1896, 5. 

bH.P.Cushing Augite syenite near Loon Lake, N. Y. Read at meeting of Geological society of 
America, Dec. 1898. Bulletin of the society, 10:177. 

é Loonlake, Franklin co., on the Chateaugay R. R.and the N. Y.C.R.R.,is not to be confused 
with Loonlake, in Chester township, Warren co. 

dJ.F.Kemp. 1893. Remarks on Ticonderoga, p. 454. 
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coarsely crystalline ground mass of biotite and gray or green or- 3 


thoclase, plagioclase, quartz, magnetite and a little pyrite. 
Elsewhere we have often met augen-gneisses of this mineral- 
ogy, or with more or less quartz than the type, and we have been 


at a loss to account for them. The hill at Horicon has been 4 


quarried in some places for a massive granite, but to the north 


the massive rock passes over into an augen-gneiss. There is ex- 


cellent ground for referring therefore many augen-gneisses else- 
where, to an original porphyritic eruptive of this character. The 
rock is called in the following pages the ‘ Horicon type.” 


4 We have also discovered, and specially around Whitehall, — 


excessively or purely quartzose gneisses or foliated quartzites 
that are quite certainly metamorphosed sediments. They form 
notable areas along the head of South bay, Whitehall township, 
and will be called the ‘“ South Bay type.” Some feldspar is. 
present, and more or less garnet, but the quartz is far in excess 
of any possible igneous rock, except a pegmatite that is almost 
a quartz vein. The exposures are too large for a pegmatite and 
they are associated with crystalline limestone. They are similar 
to the rocks described as quartzites by Dr F. D. Adams from the 
Laurentian areas of Quebec, as is shown by a comparison of 
specimens. These rocks have been elsewhere noted by the senior 
writer, in association with the crystalline limestones. There is 
also the peculiar graphitic quartzite at the graphite mines near 
Hague, Warren co. that must be noted as an additional Pre- 


cambrian quartzite, of the highest stratigraphic significance.% It: 


is fully described on a subsequent page, but we may note here 
also, the sillimanite-garnet gneiss, that lies over and under the 


graphitic quartzite as a rock not observed as yet in any other . 


part of the mountains. We have been led by these exposures 
to a strengthened belief in the former presence of a great series 
of sedimentary rocks, which had been already indicated by the 
crystalline limestones, but in which from previous work we had 
seldom noted well-marked fragmental sediments. We are hope- 


a See C. D. Walcott. Bull. Geol. soc. Amer. 10:227, pl. 22. This note appeared after the 
present report was sent in, ~ 
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ful that in some localities, such as Whitehall (where we have 
made a beginning) and Minerva, that the stratigraphy can be 
worked out. But the problems need more detailed mapping than 
we felt that we could as yet give them. 

The crystalline limestones themselves have been found in small 
exposures over almost all of Warren co. and generally in the 
crystalline belt of Washington. They are most extensive in 
Newcomb and Minerva townships of Essex, and to the south 
become thinner and more scattered. So far as we have observed 
they are less common in eastern Hamilton co. There is evi-_ 
dence to show that stratigraphical relations can be proven and 
that anticlines and synclines can be demonstrated. 

5 Dikes of basic gabbro usually of moderate width, but litho- 
logically like the larger masses in Essex co. have been met over 
a wide area—in fact in almost every township in Warren, but 
the basaltic traps almost disappear. Except for one or two 
south of Whitehall, the entire region here covered is barren of 
them. The anorthosites likewise fail,” as stated in the introduc- 
tory remarks. 

6 The paleozoic strata are only found as fringes around the 
erystallines or as setting short distances up valleys and not far 
from the larger exposures to the south, except in the Wellstown 
instance in southern Hamilton. This last named outlier was 
Studied somewhat carefully by Mr Newland, but as it raised 
questions in his mind that required more attention than he was 
able to give them, in 1897, the subject is allowed to go over 
till our next report for its full elucidation. It may be premised 
that the evidence gathered still seems to us to indicate the advance 
of the Potsdam sea up a preexisting valley, rather than the ex- 
clusive infaulting of an otherwise widespread Cambro-Silurian 
mantle over all the crystalline area.? 

7 Glacial striae have been noted in quite a number of places. 
They are almost always N 10 to 15 E, but they may be N and S, 

or aS much as N 35 E. These directions are more northerly 


aMr Newland found one area in northwestern Warren co. in 1898, which will be described in our 
next annual report. 
bCompare R. Ruedemann. Amer. geol. Feb. 1898 p. 75. 
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than some that have been noted in Essex co. Terraces dating 


from the time of the retreat of the ice sheet are of marked de- 
velopment in both the Champlain valley and along the Hudson. 
Under the township geology we have remarked their presence 
and have cited the papers that have thus far been written, but 
the field is a practically unexplored one, and except for an occa- 
sional stray note, we have given it slight attention. 

In southern Warren co. there is a peculiar tendency of the 
streams to leave the normal southerly courses and double back 
on themselves to the northeast again. This is pronounced in 
the case of the Sacondaga and the Hudson. The Sacondaga 
makes a very acute angle with its old direction, and the Hudson 
behaves in an almost identical way although it later resumes a 


southerly course. Prof. G. F. Wright, as subsequently cited under — 


Whitehall, has noted an old channel of the Hudson leading to 
the south near Corinth, but regarding the Sacondaga we have no 
data to determine the diverting course. 

In the following descriptions the same provisional names for 
the formations will be employed as in former reports. The 
stratigraphic demarcation between series 1 and series 2 is not 
sharp. The limestones may be but minor members, perhaps 
several times repeated in series 1, but they are lithologically © 
distinct and peculiar. They are quite abundant in Warren co. 

Series 1. Gneisses usually with both orthoclase or microper-~ 
thite and quartz. Varieties with hornblende, biotite and 
pyroxene and with almost no dark silicate, are met. Plagioclase 
is usually present and may be the only feldspar. The exposures 
vary in color from very light gray, almost white, to dark gray 
or even to red. The foliation may be conspicuous or may almost 
fail. Two types of gneiss have been specially noted; the 
“Whitehall,” usually dark green in color, and composed of 
microperthite, some plagioclase, varying amounts of quartz, emer- 
ald green augite, dark brown hornblende, often hypersthene, and 
sometimes garnets; the “‘ Horicon ”, light colored augen-gneisses 
believed to have been derived from porphyritic granite like the 
one quarried at Horicon. 
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Series 2. Crystalline limestones, ophicalcites, black horn- 
blendic and pyroxenic schists and thinly foliated garnetiferous 
gneisses. Rocks regarded as quartzites are also frequently 
_ associated. They exhibit quartz and augite with rather charac- 
teristic brownish yellow titanite. : 

Series 2a. Pronounced quarizites, with more or less graphite 
and usually with some garnets, and minor accessory minerals, 
constituting the “ South Bay type.” 

Series 38. Dark basic gabbros, often passing into amphibolites 
from shearing. They form dikes and minor intrusions, cutting 
all the above. 

Series 4. Paleozoic sediments, including the Potsdam sand- 
stone, the Calciferous limestone, the Trenton limestone and the 
Utica slate. 

Series 5. Trap dikes which may be in part or whole, Pre- 
cambrian porphyries are not met in the area here described. 

Series 6. Glacial and post-glacial gravels, sands and clays. 
Of these special attention has been only given to the Champlain 
clays. 

Local geology by counties and towns 


WASHINGTON CO. 


The towns will be taken up in the following order, beginning 
on the north, Putnam, Dresden, Whitehall and Fort Ann. A 
small area of crystallines remains to be mapped in the southern 
part of the county.” All the eastern part of Washington co. is 
formed by the paleozoics, but we have given them but slight at- 
tention as they have already been outlined by Charles D. Wal- 
cott,? whose results have been incorporated in the state map. 


Putnam 


Topography. Putnam township lies on the high ridge between 
Lake Champlain and Lake George. It is practically a rocky 
neck, steeper on the side toward Lake George than on the one 


a This was mapped by B. F. Hill in 1898 and will be described in the next annual report. 
6Charles D. Walcott. Taconic system of Emmons, and the use of the name Taconic in geologic 
nomenclature. Amer. jour.sci. Mar. 1888, p. 229, Ap. p. 307, May, p. 394. Plate 2, after p. 346. 
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toward Lake Champlain. The divides between the headwaters 


of the brooks are well over to the west, and the highest summits fe 


of the hills front immediately on Lake George. There are but — 
two marked cross-passes, both of which are utilized by high- 
ways. ; 

Series 1. The greater part of the town consists of gneisses be- 
longing to this series. The prolongation of the ridge of Mt © 
Defiance of Ticonderoga township, enters from the north, and 
terminates in Record hill and Anthony’s Nose. The gneiss of 
Mt Defiance? is peculiar in presenting a marked igneous aspect, 
and in thin section exhibits microperthite, augite, hypersthene, 
hornblende and quartz. This is the “ Whitehall type” of this 
report. The same type of rock continues ‘into Putnam, but 
gneisses of a different character are also met. Much biotite 
appears and every evidence of intense compression and shearing 
is present. The feldspars are frequently white instead of green 
and the rock is often decidedly schistose. Gneisses of the com- 
position of hornblende granites or of diorites and of more mas- 
sive aspect are of wide distribution and others of a very quartzose 
character are richly provided with garnets. Just south of 
Wrights, a dark hornblende schist was found in the gneisses 
(spec. 40) probably representing a pinched intrusion of basic 
rock. The strike of the gneisses is quite variable. Near Wrights 
it is nearly north and south with an easterly dip, but elsewhere 
it is chiefly east and west, or a little north of west, but the dips” . 
are variable. As no stratigraphic significance is attached to 
the foliation no attempt has been made to work out structure. 
In any event more determinations of dip and strike would be 
needed than are now available. 

Series 2. The crystalline limestones form a small area in ike 
southern portion of the township. They are coarsely crystalline, 
graphitic marble, with much quartz disseminated through them. 
They are conformable with the strike and dip of the inclosing 


@Similar rocks were studied by H. P. Cushing in 1897 and 1898 near Loonlake 
where they are regarded as belonging to series 8, and this is also quite possible in this 
area. 


Plate 1 


Hi ZAR 
; = =e 
RY ee. ZN ANS : 
2 \\ 


\\ 
vs 


T= 


lun tevrgces 


ProFice F 


FuiaTATion fd. 


Lenni Lenape Io. 


C%, Maccoay 
4, lo 


NW, 


iP LX joe 


(0) 
HL CHAMPL, 


GNEISS CRYSTALLINE ANORTHOSITE GABBRO CAM 
cen = SE 
POTSDAM SAND BS urica 
MILES 
3Mues. IBAA 
PRECAMB. QUARTZITE 


A 
LIMESTCNE 
GNEISSOID any BLACK SCHISTS SAE = Ok 
SS 0 ; 
ee I ee eee eee 


ee OS 
AWNORTHOSITE OR GABBRO 
GEOLOGICAL MAP OF PUTNAM TOWNSHIP, WASHINGTON CoO. 


if y) a 
ae) 3% ake 


GHOLOGY OF WASHINGTON, WARREN COUNTIES, ETC. 513 


‘ gneisses. The familiar green aggregate of quartz and pyroxene 


that so often accompanies the exposures in Essex co. is present. 
Series 3. The dark, basic gabbros appear at several points on 
the Lake George shore in the southwestern corner of the town. 


‘They have not escaped dynamic metamorphism, being now all 


more or less foliated but the gabbroic character is still recog- 
nizable. They consist of granulated labradorite, augite, hypers- 
thene, hornblende, magnetite and garnet. In two places a differ- 
ent type of igneous rock has been found that probably should be 
placed in this series. It must have been originally a thoroughly 
crystalline porphyritic rock, with large phenocrysts of plagio- 
clase, up to one inch across, and was probably a porphyritic dio- 
rite. At both exposures it has however been compressed and 
sheared so that it is now an augen-gneiss. The phenocrysts 
and. groundsmars are thoroughly granulated and much biotite, 


presumably secondary has been formed. In no. 4 garnet rims 
surround the phenocrysts, appearing only along their outer edges. 


The mass of the rock impresses one as a coarse sandy aggregate, 
although the grains are now firmly bound together. Similar rocks 
to these were earlier met in Ticonderoga, and are referred to on 
p. 454, of the Report of the state geologist, 1593. 

Series 4. Some extremely interesting outcrops of the paleozoic 
sediments appear in Putnam. The Potsdam is the most extensive 
of these and covers three or four square miles. Only a thin cross- 
section is however seen resting on the underlying gneiss. The 
beds are quartzites, which are often quite coarse conglomerates. 
In the southern area, near specimen 32, the conglomerate con- 
tains quartz boulders up to 6 inches in diameter. In the finer 
varieties ripple-marks are at times well developed. The quartzite 
is often very feldspathic and is practically arkose. The clastic 
material has been derived from the neighboring gneisses. The 
Calciferous is the usual, blue siliceous variety, characteristic of 


\ 


the Champlain valley. Its contacts against the Potsdam were in - 


‘each case along faults. The dip of both is in all cases flat and. 
 nworn. 


Series 5. No trap dikes were found. | | | | 


valleys, but no special sign or color is used for it. Along Lake eS 
Champlain, the Champlain clays form a fringe that sets up into — . 
the depressions and that sometimes fronts the cliffs. Two sharply _ 


marked terraces are visible in the clays, one about 40 feet above 2S 
the lake, (140 A. T.) and one 60 feet (160 A. T.). Still higher shore- a at et 
lines are probably present,? but we made no special attempt to ee: 
trace them. No fossils were noted in the clays. ewes 
Glacial striae were recorded in several places. In each in- ee ‘: 
stance the direction was northeast and southwest. ee & ‘ 
Mines, etc. There are no mines or other economic developments 
in the town. | : Ra Coes 
Faults. There has been considerable post-Ordovician faulting. ; : jess, 
The sections AA and BB on plate 1, show these and bring out | soe 
clearly the faulted contacts of the paleozoics on both the old ee A 


_erystallines and on each other. The faults trend ina northor ae 
northeast direction but the amount of the throw could not be a 
determined. The Potsdam of the northern area reaches an alti: ey, 
tude of 634 feet A. T., and the Calciferous, south of Putnam — en 4 
village stands about as high. 3 ; ays ie s 

Dresden. era : By: 


Topography. Dresden presents much the same topography as 


Putnam. The high, rocky neck between Lake Champlain and — meee 
Lake George is continued to the south, with a tendency to widen 
somewhat. The greatest altitudes, as before, are near Lake 
George. Mt Erebus in the southwest corner of Dresden, reaches 
2533 feet and Black mountain 2665 feet, but there is no longer the | 
cradual slope to Lake Champlain. On the contrary a steep ram- a 
part of fairly high hills fronts the latter. There are several east a 
and west passes, of which the one running west from Dresden 
Center is the most notable. The valley of Pike brook is a marked ) 

depression with a bearing west of north, but aside from it, most 

of the brooks run nearly east or west into the two lakes. On the 


a8. “Prentiss Baldwin. Pleistocene history of the Champlain valley, Amer. geol. Mar. 1894, p. 170. : 
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southeast Dresden borders on South bay, which really is the — 


‘natural southern end of Lake Champlain. In the cliffs along the 
east front of Mt Diameter a most impressive and precipitous 
fault-scarp is presented, and indeed the shores of South bay con- 
‘stitute one of the most striking and instructive areas in the 
Adirondacks. Dresden is very sparsely settled and is mostly wild, 
- mountainous woodland, which has been long since cut over by 
the lumbermen. 

Series 1. The greater part of the town consists of this series 
as presented in the maps accompanying this report, but the rock 
of the larger part of the area departs from the typical gneisses 
as will be shown. All the metamorphic rocks show evidence of 
most intense compression. The foliation is fine yet persistent 


and though the individual laminae may be but a sixteenth of an 


inch thick, they run with great regularity. In the northern 
part of the town, from specimen 38 north, the gneisses are gran- 
itic in mineralogy, and contain many small garnets. Quartz is 
frequent and biotite is richly developed. Squeezed pegmatites 
may be detected. Again on the shores of South bay and along 
Pike brook, where the latter forms a cascade near its outlet, the 
gneiss is strongly and regularly foliated and makes the impres- 
sion upon the observer of being derived from anoriginal quartzite. 

In the central part of the town, north and south of Dresden 
Center, the gneisses are green and of marked eruptive aspect. 
The foliation, although always discernible varies in distinctness. 
The feldspar of the rock has a bright glistening luster on cleavage 
faces and large porphyritic crystals are often noticeable. Some 
of these are striated and are plagioclase, but the major part are 
unstriated orthoclase. Thin sections show the same relative 
amounts of the two and with them are monoclinic and orthorhom- 
bic pyroxene and quartz. The pyroxenes under dynamic stress 
are largely altered to granular garnet. The orthoclase is chiefly 
microperthitic. This is the same rock that is mentioned under 
Putnam as forming the southern prolongation of Mt Defiance, 
and is a variety of the “ Whitehall” type. It is really an augite 
syenite, but is a peculiar variety. It may be a member of the 
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intrusives constituting series 3, because in the northern Adiron- " RASS es 
dacks, as noted by Cushing it occurs associated with the anor- i : oe 
thosites. The present exposure is, however, not visibly connected re ; “ 
with eruptives of the gabbro family. | é: ia % 
- The strike of the foliation of the gneisses, is in large part ae 
across the trend of the topography, as is indicated by the signs Se 
on the map. East and west strikes are common, but northerly | 
ones are not lacking. The dips are so irregular that much e ae 
crumpling is shown, but very detailed work will be necessary to Bs, : 
work out the structure, although the variability of the strikes. AS 3 =: 
and dips and their lack of connection with the topographic © ae 
features leads to the conclusion that the latter are primarily due — a 
to faulting, irrespective of rock-structure. 

Series 2. The crystalline limestones were met at only two 
localities one of which lies a short distance west of Dresden — 
Center and-the other is on South bay. The former exposure is 
small and is inclosed in gneiss as shown in section CC, plate ane 
The limestone is much mashed and crumpled and is richly 
charged with pyroxene, pyrite and phlogopite. Along the high- 
way just to the northwest of South bay, another small exposure — he 
was met. At the outlet of Long pond, pyritous rocks were 4 ane 
found along the highway that resembled the usual associates of 
the crystalline limestone but none of the latter was seen. 2 

Series 3. Six exposures of basic gabbros were noted in all, 
and several dikes in addition that probably belong with them. 
At the head of South bay gabbro appears in the foot of 
Mt Diameter. Again it is found along the highway a mile and a 
half to the northeast of the last. Two miles further another ex- 
posure is seen at no. 70. Just north of Dresden Station is a 5 | 
large intrusion, no. 10 and 21, and to the southeast at 37 is 
another. In the northwest corner are two, one at 18 on the main- | 
land, and one, 103 on Odell island in Lake George. All these are 
dark, basic rocks, which exhibit as a rule the effects of intense 
compression. They form irregular intrusions and dikes in the 
gneiss. 


i - -- =. 
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On the northwest side of South bay is a dike of gabbro that is 
not indicated on the map except by the number 56. It lies 
ata quite flat angle with a northeast strike and a northwest 
dip. It cuts the foliation of the gneisses at a low angle as shown 
in fig. 1. The gneisses strike east and west and dip 30 N. Where 
the exposure is seen in a steep bluff along the shore, the shore- 
line runs northeast. The dike is broken and thrown a foot or 
two by a normal fault which is diagrammatically shown in the 
cliffs. Another plane of dislocation likewise crosses the dike but 
with an almost imperceptible throw. The faults strike north- 
west and dip southwest. The dike is 10 feet thick. The rock is 
excessively granulated, all the minerals except the feldspar being 
crushed to fine fragments as is shown in fig. B, of plate 5, which 
is inserted under Whitehall. The feldspars have suffered less 
granulation but they have not entirely escaped. 


Section of gabbro dike, spec. 56, on South bay, Dresden. 


A short distance southwest another dark band was noted in 
the gneisses, apparently parallel to their foliation. 3 

Precambrian quartzite. In Dresden and Whitehall townships 
the writers have met rocks which were considered by them in 
the field to be metamorphosed clastics and probably although 
gneisses now, to have been originally quartzites. It was re- 
marked above that gneisses of this character were present at the. 
Cascade of Pike brook, where the foliation, if indeed it be not 
bedding is remarkably perfect. Over the divide from the head- 
waters of Pike brook, and about a mile and a half southwest of 
Dresden Center, Mr Newland recorded a black quartzite on a 
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trip made alone by him, while the writer was working in White- abn) 
hall. The specimen 81, was lost in packing and the determi. of 
nation has therefore not been verified by the microscope, but on » of 


the strength of the field-notes the area is given a special sign. 


Still rocks were gathered in Whitehall, in the conviction in the a: 
field that they were quartzites, which microscopic study leads us Ry s : 
to think are dynamically crushed eruptives and the determina- 


tion above recorded for no. 81 is made with reservations. It is, 
however, impossible to visit the locality again before submitting — 
this report. The writers appreciate that in this southeastern 


corner of the Adirondack crystallines they are approaching the — 
metamorphic areas of northwestern Massachusetts and southern 


Vermont, and that in this portion homotaxial rocks might be an- 


ticipated if anywhere. - But none have been yet definitely observed 


which enable us to trace any parallelism. 
Series 4. Both the Potsdam sandstone and the Calciferous 


limestone are represented by very small exposures. The Pots- — 


dam was found in two small outliers well up within the hills. 


The more northerly lies about a mile and a half west of Snody — 


dock. The sandstone is found on a steep hillside resting upon 
gneisses, and is only a foot or two thick and a few square feet 


in area. The locality is just below the outlet of Long pond, and — : 
on the roadside between the house and barn of a farm that is 


situated at this point. The strike is N 20 E, and the dip 10 
EK. The sandstone is ripple-marked and the ripples bear N 20 


W. -The waves that made the ripples on this sandy bottom must | : 


have come either from a direction south of west or from one 
north of east. , This sandstone is now on the 900 foot contour and 
is one of the most elevated exposures of the Potsdam that we 
have observed. . 

The small area in the Pike brook valley is larger and the beds 
are seen in several places, but they are of no great thickness. 
The strike is slightly different from the last, being N 10 W with 


a dip of 15 E. The ripple marks bear N. and S. In the sections — 
EE and FF of map, plate 2, the bedding as drawn in the con- 
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- ventional sign does not correspond to the dip. C.D. Walcott had 
previously noted this exposure.” 

The Calciferous limestone forms a small faulted block on the 
- Champlain shore about two miles north of Chubbs Dock. A 
.Specimen was also gathered at 23, in the extreme northeast 
‘corner, but it was not certainly in place. No higher members of 
the Ordovician appear. Ce te 

Series 5. Trap dikes have been noted in three instances; one 
near 71, west of Snody dock, and a second on the shore of South 
bay near 88. The former appears to be disconnected with any 
larger eruptive mass and to be a diabasic trap of the common 
type. The latter may be an offshoot of the neighboring gabbro. 
There are also two narrow dikes of black igneous rock near 56, in 
a cliff on South bay, one of which appears to be an offshoot of 


Fig. 2 


Sketch of trap dikes on northwestern shore of South bay, Dresden. 


the other although the connection is not visible. Fig. 2 illus- 
trates their relations. The dikes stand vertically and cut the 
foliation at nearly a right angle. The large one is about 18 inches 
thick. A short distance further a nearly horizontal band of light, 


a American journal of science. Ap. 1888, plate 3. 
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quartzose rock about one foot thick and resembling a hi 0 
_ sheared, quartz-porphyry, cuts the foliation of the- gneis 
extends for about 100 yards. It is an extremely persistent 
ye pie 


RR and is illustrated for a portion of its extent by fig. 3. Th 
little question that it was originally a pegmatite dike that » 


now sheared and pinched in with the gneisses. The mine 
vies present are chiefly quartz, orthoclase and tourmaline. 
BRIA NA vs 


Sheared dike, supposed to be pegmatite, on northwestern shore, South bay, Dresden. : ° 


nd 


_ Series 6. The glacial drift is wide spread over the town. | 
- may be assumed to be generally present in the depressions. | 


i y -Recognizable striae were noted just south of Snody dock, with 
a bearing N 60 E. While the grooving is in the same gener: | 
direction as those noted in Putnam, the ice had swung around 
more to the southwest in its advance at this point. — oa 


Spa ass 


ie. : _ The Champlain clays fill all the embayments and fringe the an 
_ rocky ridges along the Lake Champlain front. They form ter- 


races similar to those noted in Putnam. No fossils were observed . 


in them. 


aon ane, 


Whitehall 


Topography. Whitehall contains two parts much contraste 


5 
7 
ete 


in topography and geology. The western third of the town con- i" at 


pp 


_ sists of the crystalline rocks, which form the eastern half 
of a high ridge, lying between Wood creek and the Met- — 


tawee river, the inlets of Lake Champlain, on the east; and the 
- southern prolongation of South bay on the west. The latter is 


development is involved in the early drainage relations. It only 
concerns Whitehall in the portion filled by the South bay itself 
and in this the steep cliffs of Mt Diameter and the bluffs alon; 
the northwest front of Death rock give every reason for beli 
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_ing in the existence of a great fault line. The fault is probably 
continued in the depression filled by Lake Champlain, curving 
around to the northward, and while the latter depression has 
beyond question been a river valley in its later stages, as sug- 
gested by S. Prentiss Baldwin,” and as is apparent even to casual 
study of the topography from one of the neighboring hights, yet 
faulting is regarded by us as the prime cause that directed the 
original drainage. — 

The ridge of crystallines has a steep front to the northwest, 
precisely as does the ridge that forms the back bone of Dresden 
and Putnam townships, but the former ridge lies southwest of 
the latter, and the separation is due to the South bay fault, which 
is parallel in a general way with the depression of Lake George. 
There is great reason, we think, for believing Lake George to lie 


on another great line of faulting, with a drop on the northwest | 


side. : | 

The ridge in Whitehall slopes quite gradually to the east and 
southeast, and its surface is in general parallel to the dip of the 
foliation, so that it presents an outline that is often met in the 
Adirondacks. Certain other structural features will be later 
brought out, the purpose at this point being to specially em- 
phasize the topography. 

Kast of the ridge of crystalline rocks lies a valley, flat and filled 
with Champlain clay, and with streams at a base level. On the 
east side of the lines of drainage, except for two small hillocks 
along the inlet, below the town, all the rocks are of the Cambrian 
paleozoics, embracing on the extreme east the Georgian, and in 


the center several of the Ordovician members. The pal-_ 


eozoic formation presents a very broken and hilly topography, 
partly from faulted blecks, like Skeen mountain, near Whitehall, 
partly from the greater relative erosion of softer strata. 


a Pleistocene history of the Champlain valley. American geologist, Mar. 1894, p. 170. Judge 


Baldwin treats specially of the Pleistocene times, but states, p.171, ‘‘ Lake Champlain occupies a * 


long and narrow valley, probably only partly a valley of erosion, between the Green mountains on 
the east and the Adirondacks on the west.’’ And again, p.177, ‘‘ While the uplifting of the moun- 
tains of Vermont and New York probably had much to do with the existence of a valley here, yet 
the valley itself is certainly a valley of erosion.”’ 

bC.D. Walcott. Map in Amer. journal of science. Ap. 1888. 
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Series 1. The gneisses are the chief representatives among the 
erystallines. They present not a few examples that resemble 


quartzites so closely as to lead us to believe in the extended de- 


velopment of the latter while we were in the field. More care- 


ful study in the laboratory with thin sections has in some cases 


thrown doubt over this interpretation, and it seems more prob- 
able that some at least are squeezed and granulated eruptives, 
but the question is not yet fully decided. Along the east side 
of South bay at 52 and 53, the gneisses resemble most closely 
sheared porphyritic types. The rock is strongly gneissoid and 
broken by innumerable cross-fractures with noticeable displace- 
ment. It is dark blackish green in general color, with lighter 
green augen or phenocrysts. ‘The matrix is largely biotite, with 
some feldspar. ‘The augen are flattened lenses of green feldspar 
that may be more than an inch across. Chips prove it to be 
microcline when examined under the microscope and lead one to 
infer that the original rock was a rather basic syenite porphyry, 


presumably belonging with other syenitic gneisses,in the out- © 


skirts of Whitehall. The latter occur along the eastern edge 
of the ridge that bounds the village on the west and have been 


quite extensively quarried at no. 74 on the enlarged map of ~ 


the town, plate 4. The quarry is the locality for our “Whitehall 
type.” ‘They are finely and regularly laminated: rocks that are 
green in color and that look extremely like a dark quartzite. 
They have lenticular augen of shining orthoclase, that has a bril- 
liant luster. Rarely streaks of gray quartz run parallel to the 
foliation. Under the microscope they are found to be very finely 
granulated and to consist of small particles .1 mm in diameter 
(.004 in.) When examined with a high power these grains are 
found to,be chiefly microperthitic orthoclase. Granules of green 
augite of about the same size are present and some magnetite 
can be detected. Zircons are rather noticeable and are charged 
with inclusions of still older minerals. There is little doubt that 
these rocks were originally the rocks often cited in the preceding 
townships and from Mt Defiance, and that they have been gran- 
ulated by pressure. The layers seem to have slipped sometimes 
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and to have developed biotite along the folia, but it is a minor 
component. Where shearing has been very pronounced a black 
shaly streak may be observed. This same rock occurs in some 
_ of the cuts along the D. & H. railroad just before it crosses South 
bay, and where faults cross the ledges the same black, crushed. 
product appears. These exposures mark the southern extension 
of this type, as it runs out before the south line of Whitehall 
township is crossed. 7 

Another gneiss is granitic in composition and is strongly con- 
trasted with the variety just described. Instead of dark green 
it is light gray or almost white, depending on the amount of bio- 
tite that is present. The more biotite, the more pronounced are 
the dark folia, and the darker the shade. The feldspar is in 
marked lenticular masses yielding corresponding eyes or augen, 
and is also in general dissemination through the rock. Its eXces- 
sive granulation has given it a milky white color when its amount 
is large, and when it is not stained with iron oxid. When it is — 
more sparsely distributed through the leaflets of biotite is is gray. 
_ Cleavage surfaces of any marked size, say 5-10 mm (4 in.) in 
diameter are rare, so complete is the granulation. Orthoclase is 
~~ the commonest feldspar present and it may be microperthitic but 
commonly is not. Plagioclase is less abundant. Quartz is fre- 
quent and may be excessively rich as will be later brought out in 
several varieties. The dark silicate is biotite and its amount is 
variable. Garnets are practically omnipresent and at times are 
thickly strewn through the rock. They are a light pink and not 
so deepiy colored as those in the basic rocks. Magnetite, apatite 
and zircon are sparingly present. There is little question that 
these gneisses have resulted from the excessive granulation and 
shearing of granites or from the metamorphism of a sediment 
related to arkose. The augen or eyes of feldspar would lead — 
to the inference that the granites were porphyritic from large 
feldspars. 

In two places, no. 54 and 60 on the east side of South bay, 
the feldspar has relatively diminished and the quartz has become 
prominent till the rock is almost entirely quartz, the “ South Bay 
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type,” some streaks of feldspar remain, and garnets are still 


quite thickly disseminated through the mass but about 80¢ of 


the slide on an estimate is quartz. The quartz is granulated and — 
is strung out in bands. At no. 54 graphite is not infrequent in 


the rock, and appears as shining scales parallel with the foliation. 
Very small crystals of the manganese epidote, piedmontite are 


to be detected which are very pretty objects under the micro- — 


scope. They seldom are more than .1 mm long by a fourth as 
broad. They yield the striking pleochroism of the mineral being 
green parallel with the elongation and blue or pink across it. 
The optical characters are those of piedmontite rather than 


thulite, the greatest axis of elasticity lying across the elongation, 


the least along it, as shown by the gypsum plate. A photomicro- 


graph of this rock is given on plate 5, fig. A. It has garnets 


running in lenticular masses across the field and indicates the 
pinched condition of the rock. 


In one of the railway cuts northof Whitehall and south of South 


bay specimen 67 was gathered and was regarded as a quartzite 


in the field. Under the microscope the same impression is diffi- ’ 


cult to avoid. The rock is a finely granular aggregate of quartz 


and looks very like a sediment. It is however in the midst of 


eruptives and it has been greatly crushed and compressed. 

If both these rocks, 54 and 67, are not considered to be sedi- 
ments they must be interpreted as pegmatites of such extreme 
richness in silica as to have been practically quartz veins. The 
pegmatites were then crushed and granulated. It is possible 
that an originally less siliceous rock has been enriched in silica 
after having been crushed, but if this is true, the process can not 


be readily if at all traced out, and demonstrated with the material © 


in hand. The graphite strongly suggests a sedimentary origin, 
but it is not proof positive, because it is not lacking in the pegma- 
tites of the region. The old graphite mines at Chilson hill in 


Ticonderoga are on pegmatite dikes or veins. On the whole, | 


however, the writers are inclined to favor the sedimentary origin, 
and we hope to work out the stratigraphy more in detail in the 


future. Every outcrop should be mapped and the relations 
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should be determined in this way. Somewhat similar rocks 
have been noted in other localities where there were crystalline 
limestones, and it is possible that the two may go together. 

| The granitic gneisses and their associated quartzose rocks form 
the chief part of the high ridge of crystallines and extend south 
into Fort Ann. 

Series 2. The crystalline limestones have been found in four 
different places. Three lie at the north end of the metamorphic 
area and one in the extreme southwest corner of the town. There 
probably are others back on the ridge, which to the southwest 
has been but imperfectly traversed by us. The most northern 
exposure (See the special map of Whitehall village, spec. 91) is 
the thickest. It was estimated to be 300-400 feet across by 
Mr Newland, is charged with silicates and apparently conformably 
inclosed between the gneisses below and an overlying bed, sup- 
posed to be a quartzite. The exposure at 96 is a small one, and 
that on the crest of the ridge at the intersection of the two cross- 
sections is likewise thin. We can not state positively whether 
we have the last-named one located exactly right on the map, 
though it is not far from its true position. The minor hillocks on 


the summit of the ridge do not correspond with the contours as: 
drawn on the Whitehall sheet, as the:latter have been sketched 


from a distance and are general in their character. While a road 
is drawn as crossing the ridge, that might seem to be available 
as a point of departure in orienting oneself, yet the ridge is 
traversed by many wood-roads, quite as good as this one and 
both of the writers were much at a loss in plotting the geology. 
A thin stratum of white crystalline limestone does exist however, 
and is encompassed in metamorphic siliceous rocks. The stratum 


was about 6 feet thick and conformably included in the gneiss, so © 


far as one could judge. | 

Series 3. Four exposures of gabbro have been met, all greatly 
compressed, gneissoid in structure and black in color. One 
outcrop appears in the railway cuts just north of Whitehall. 
The rock in thin section is a norite, with abundant hypersthene, 
now granulated by dynamic metamorphism (spec. 67). The gab- 


aw 


_ting tongues of gabbro had been pinched into the gneiss. 
-gabbro itself becomes very gneissoid. fa, 


a of the gneisses the peculiar schistose rocks were described whi¢ 
simulate, if they actually do not represent quartzites. Should . our 
impression that they are quartzites be corroborated by more de 


The next formation present is the Potsdam aie ot th 


pe Calciferous rests on it forming He top of the eminence; ond 


been already mapped by Mr Walcott, whose results have been 


| of 
‘south of Whitehall at specimen 68. It is 6 feet wide, and strikes— 
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least 50 feet are aaah across the foliation and the oo 
the inclosing gneiss is visible and is irregular, though its gen al 
strike is east and west. The gabbro near the crest of the hill is 
similar in appearance to the others but its shape or other Q a, 
tions could not be determined. The large outcrop along the hi 
way to the south is the most extensive of those found. The : 
tact with the granitic gneisses which form the country rock 
the south is well shown and is irregular, apparently as if offset 


Precambrian quartzite. In the closing paragraphs under the hes 


tailed work, they would add an interesting and imponieees men 
ber aes the Precambrian strata. 


upper Cambrian, which appears in the base of Skeen mountain ee 


paleozoic beds ates AS already stated we hase given alagene f . ; 
no attention to the paleozoic exposures, inasmuch as they had ee 
incorporated in the state geological map. pet 

Series 5. Only one trap dike has been discovered. - This occurs” ki et 


N 65 E—being a fine example of its kind. It outcrops ina barn-— 
yard. 4 
Series 6. Glacial drift is not infrequent on the ridge. In ie 
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The Champlain clays are much the most prominent of the 


_pleistocene deposits. They fill the valleys and fringe the hills 
and while most pronounced between the lake level and the 140 
foot contour, they have been found in small areas as high as the 
400 foot contour, on the hillside west of the town, if the locality 
is rightly located on the topographic map. Due west of White- 
hall and just south of the line of section BB of the enlarged 
map, plate 4, is a small pond between the 380 and 400 foot 
contours. Clay occurs along a wood-road still higher than this 
pond, and a short distance west. This altitude is above any 
given in Mr Baldwin’s paper earlier cited, and while we had no 
barometer with us, there seemed no doubt about the identity 
of the pond. The one visited by us was an abandoned mill-pond 
with a broken and dilapidated dam. 

Structural geology. The hill west of Whitehall affords us one 
of the few places where we have been able to work out a satis- 
factory solution of the structural relations. It is a doming 
anticline. The foliation is so pronounced and definite that dips 
and strikes can be taken with the same facility as in sediments. 
Beginning on the north with section AA of plate 4, we find 
a low northerly dip in the two faulted blocks, which project 
from the plain of Champlain clays that surround them on all 
sides. Crossing the fault and passing up the large hill, the same 
- conditions hold for about a mile, and then the dips with some 
minor rolls, turn to the southward and still with low inclination 


from the south portion of the fold. Passing now along section 


BB, we find that an anticline is also present from east to west, 
and of a somewhat more pronounced character. The two sec- 
tions together indicate that there is a pronounced fold with a 
north and south axis, which is further bent by a cross-fold with 
an axis approximately east and west. If we use Pumpelly’s law 
that the minor crumplings have an axial direction parallel to 
the large ones, the direction of the latter may be inferred from 
the axis of a small fold that was well shown at 7 4 in the quarry 
in the outskirts of the southern town. Its axis bears N 40 W. 
On the mountain the dips are so gentle that a great number of 


outcrops we did not ascertain. 


post, 79 miles from Albany and 112 from Rouse Point, as shows 


cases. Two or obs minor faults also appear in the same cui ‘ ie 

oe of South bay, at no. 53. The fissure strikes in a direction 

_N 45 W, and is nearly vertical. It has produced a zone of ef 
-erushed, rusty, kaolinized, fault-breccia 6 to 8 feet wide that from : 


Me runs up for 30 or 40 feet it affords a most beautiful illustration — 


and brecciated joints along the same cliff. 


a and which is known as Austin hill. The southwest escarpment — 
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Faults. Faults of diagrammatic perfection are displayed or 
two points in cliffs. In the cut on the railway just north of th 


on the enlarged map of Whitehall (plate 4), a fault has mashed 
the green gneiss to a band of dark, shaly, fault-breccia. The line : 
of Re trends N es EK, and is lees: to a ce ; 


The finest fault met by us, is however to be seen on the east 


a distance looks like a porphyry dike. The soft rock has been 
eroded so as to form a little recess in the cliff and as it ee 


of this phenomenon. There are apparently other small breaks 


If now we attempt to decipher the topography by means. on 
the clues afforded by these two lines of disturbance, it is noteess 
able that the escarpments are chiefly parallel to them. For ex- _ 
ample, the cross-fault assumed to exist beneath the little valley 
at the north end of the main ridge bears in the same general _ 
direction as the fault at 53. The same is true of the osentpineaee 4 


oa 


which will be found on the northeast side of Lake Champlain 


of Skeen hill in Whitehall village also shows the same bearing, 
the hill itself being a faulted rectangular block with an escarp- 
ment parallel to each of these fault directions. The same char- 
acters hold good for other blocks outside the limits of our map. 
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The northeast fault line is parallel with South bay and the 
_escarpments that face it, and with many others in the paleo- 
zoic area. 
Fort Ann 
Topography. Fort Ann is a very large township that lies be- 
_ tween the head of Lake George and the valleys down which flow 


the inlets of Lake Champlain. Generally speaking it consists = 


of three great ridges of gneiss, separated by intermediate val- 


leys, and it has an additional projection to the southeast that: 


runs out into the paleozoic area. The western ridge fronts on 
Lake George for six or seven miles and is the southern prolonga- 
__ tion of the one described under Dresden. Its altitude gradually 
diminishes to the south however, for while Black mountain in 
‘Dresden is 2665, Sleeping. Beauty in Fort Ann is 2349, Buck 


: mountain 2334, Pilot Knob 2180, and finally in the southwest 


- corner the hills scarcely top 500 feet. This great ridge is some- 


what bolder toward Lake George than to the southeast, pre- 


cisely as is the case in Dresden. 

' The inlet to South bay forks about a mile above the bay into 
two brooks. Mount Hope brook comes in from the southwest 
in a deep valley, at whose highest point is Lakes pond, at 859 
feet A. T. On the other fork which comes in from the south the 
divide is not over 300 feet and is a moraine, as was first stated 


by G. F. Wright.” On the other side of the moraine the drain- 


age runs to the south into Halfway creek. 

The southerly flowing streams in both these valleys just re- 
ferred to, turn a sharp corner and -come back in a direction 
north of east through Halfway creek into Wood creek and so 
into Lake Champlain at Whitehall. All the relations lead to 
the inference that there has been a reversal of the drainage and 
that the discharge formerly went southward into the Hudson, 
possibly through the channel detected by Prof. Wright® at South 
Corinth. The subject demands, however, more detailed study 
for its elucidation than anyone has yet given it. 


a Science, Nov. 22, 1895, p.676._ - hes 
bScience, Nov, 22, 1895, p. 675. 


of gneiss, known as Putnam mountain, which, like its aceon 
is steep to the west and of more gradual slope to the east. On the oe 
east again and lying between the southern prolongation of South eer 
bay and of Wood creek is Pinnacle mountain, the extension of ie 2 
the ridge of crystallines just described in Whitehall. It also  _ 
has a steep westerly front and a gradually sloping easterly one. 
A deep valley, however, on its eastern side divides it into two 2 
ridges. In the valley is Pinnacle pond—a small one, that does: = es 
not appear on the current editions of the Fort Ann sheet of the ¥ a 
U. 8. geological survey. This may be a valley due in part to the 
erosion of crystalline limestone. ; is : 
The southeastern corner of Fort Ann consists of paleozoic 
strata in minor hillocks, which give a very picturesque and dive ae 
sified topography. ; ~ om rs 
Our field work in 1897 did not cover all of Fort ‘Aas but was : 
limited to the ridge between Wood creek and the South bay 
extension, and to the northwest corner along Lake George.¢ 
Series 1. The gneisses cover much the larger portion of Fort eae 
Ann, and exhibit the same types which have been met.in the ~ : : 
townships to the north. The paleozoics encroach on them on the 
southeast and in the valley which sets up from Fort Ann toward ee 
‘South bay. On the shores of South bay, within the limits of 
Fort Ann, the gneiss is a richly quartzose, garnetiferous variety ; 
(the South Bay type), like the one described under Whitehall 
from neighboring parts of the ridge. It consists of lenses of 
quartz up to an inch (25 mm) or more in length and 4 inch sé 
(3-4 mm) in thickness. Garnets to one quarter inch (6-8 mm) are ~ 
distributed through the mass. Feldspathic matter is a subordi- — 
nate component. The outcrop of this rock proves so extensive 


Nyse 


that we are again strongly inclined to consider it of sedimentary 
origin, as was stated under Whitehall. : 

In the southern end of Pinnacle* mountain the gneisses are 
finely laminated garnetiferous varieties of general granitic min- ag 


ain 1898 the remaining part was mapped. It is chiefly gneiss, of the same general — 
characters as are outlined above, Ey 


»b The Pinnacle hill, Fort Ann, is not to be confused with ‘‘The Pinnacle,” in Granville. “y 
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eralogy.. No. 80 contains lenses or eyes (augen) of orthoclase, 
with reddish biotite and some quartz. No. 100 closely resembles 
a quartzite. It is a garnetiferous quartzy rock with a little biotite 
and feldspar. No. 98 is a thinly foliated feldspathic gneiss of 
- granitic composition, but almost a schist in structure. Quartz 
‘is fairly abundant. 

Series 2. The crystalline limestones appear in several small out- 
crops in the southeastern crystalline areas. They are of moderate 
thickness, sometimes less than 10 feet, and in one instance, at 
no. 98, about 100 feet. The limestones are thickly charged with > 
pyroxene and graphite, and show the effects of mashing and 
Shearing. At 98 one of us (Mr Newland) detected an apparent 
unconformity at the eastern edge of the limestone and between 
it and the gneiss. The gneiss dips southeast, the limestone north- 
west, although both strike N 40 E. Apparently there is 
_ brecciation at the contact, due to faulting. General phenomena 
of this character were observed by Pumpelly, Walcott and Van — 
Hise in 1890%, and a cut of one of the limestone ledges in this 
- region is given in the 16th annual report of the director of the U. S. 
geological survey, part 1, p. 772, pl. 113. It brings out forcibly the © 
way in which masses of gneiss have been torn off and involved in 
_ the limestone in the general mashing. These included fragments 
of gneiss, it is fair to state, have been interpreted by Pumpelly® 
as the products of ancient superficial decay, which became in- 
yolyed in the limestone sediment during the invasion of the 
ancient sea, but the writers can not support the suggestion. 

Series 3. Gabbro occurs on the shores of South bay in a large> 
intrusion that runs at least 200 feet along the shore. The border- 
ing gneisses are much contorted, and at the western edge the 
gabbro is apparently finely crystallized next the contact. A 
small intrusion likewise occurs near the southwest corner of 
Whitehall township.° 

Series 4. The paleozoics fringe the crystallines to the south- 
east, both the Potsdam and the Calciferous being met. Two 


aSee U.S. geological survey. Bulletin 86, p. 398. 

b Bulletin geol. soc. of America, 1892, 2:218. 

c In 1898, two other areas were met just northwest of Copeland pond by B. F. Hill, and a third 
about half a mile south of Podunk pond. fe ; 


: side of Wood creek, between Fort Ann and Com 
E paleozoies also extend up the depression in which lies 
 ereek and its tributary from the South bay valley, ee 
ot _ being the member present. ; 3 a 


already referred to has been a serious ‘fibtor® in ‘develo 


on this town. The oe ae lie in = ra of 


te ne the beginning has already been made by Messrs - Bald 


projection to the south.on the southeast corner. It lies to the 


‘Warren as against Washington co. is the eastern shore lin 


small Pear areas are howe on the map wa ue 


Series 5. No trap dikes were met. a 
oe 6. The glacial deposits are _ widespread ane of 8 


drainage relations, as already noted in the introductory. 


and G. F. ‘Wright. 
é 3 | WARREN CO. 
Warren co. is roughly rectangular in shape with an addit 


of Lake George, and fronts the lake for two thirds its entire 


Warner Bay. Lake George itself lies entirely in Warren co. 
cept for a small portion at its northern end. The boundary 


the lake. In general topography the county consists of aa 


father, Loon Jake and Friends lake with their connecting stre 
in another. The valley of the Hudson cuts diagonally across : 


: teenth lake and its outlet, draining northeast to the Hudson, and 


- northeast course across Saratoga co. into the Hudson at Had- — 


ae - 


Stony creek, flowing southwest to the Sacondaga. The Sacondaga 
river describes a very peculiar course for after the junction of 
its two branches, one from the northeast and the other from the 
northwest, it turns back in the edge of Fulton co. and takes a 


ley. This is so striking that on the map it suggests a reversal of 


the drainage. 
_ The towns will be taken up in the following order so far as the 


field work for 1897 affected them. In 1898 the gaps were largely 
filled up. Bolton, Chester, Hague, Horicon, Thurman, Stony- 


~ ereek, Hadley, Day and Luzerne. 


Bolton 


Topography. Bolton lies along the west shore of Lake George, 


aboutemidway of the lake, and it consists chiefly of one large 
and one smaller ridge, between Lake George and the valley 
of the Schroon river. - The smaller ridge is cut off from the main 


Ee one by Northwest bay and its inlet, the brook of the same name. 


It is known in general as Tongue mountain, and its northern 
peak, Fivemile mountain, is the highest part of the township, 


2258 feet. There is little doubt. that it is a faulted block. It 


is somewhat steeper towards the lake, or to the southeast, which 


is the reverse of the usual relation but it may be caused by a 


normal fault with a dip to the east, whereas in previous cases the 
faults dipped west. The main ridge, forming the body of the 
township, consists of a rather broad. aggregate of minor eleva- 
tions, of which the highest is scant 2000 feet and the general run 
is about 1500. Indian brook lies in a valley of moderate size, and 
Trout lake marks another depression with a north and south axis. 
_ Series 1. Our collections from Bolton are not. as complete as 
could be desired but our observations embrace in the way of 
reconnaissance all but the extreme southern limit of the town. 
The commonest form of gneiss is that derived from the dark 
green augite-syenites which were described quite fully under 
Whitehall and were called the Whitehall type. They consist of 
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orthoclase in largest part, the same being often though not — 
always microperthitic. Plagioclase of an acidic variety is not : 
lacking but it is far inferior to orthoclase. The dark silicates oie iS 
are emerald green augite, hypersthene, brown hornblende,: and : 
considerable garnet, which in all probability has been derived 
from the bisilicates.. Magnetite is in moderate amount and may _ ‘ 
furnish the core of a garnet aggregate. Apatite is often notice. 
able in small crystals. The rocks have been greatly granulated c x 
and sheared by dynamic processes and may yield excessively fine oa 
gneisses with thin but persistent laminae. On the slipping sur- 
faces much biotite of a golden brown has developed. Quartz is 4 
variable but some of the specimens gathered yield Aus in consider: 
able quantity. ° oe 
_ These syenite-gneisses of the Whitehall type make up the east- 
ern front of Tongue mountain and presumably the western slope ~ 
as well. Our specimens 119-22 inclusive were gathered along 
the eastern slope. The same variety was also collected along the 
highways leading northwest from Bolton Landing to Brantlake. 
On the northern of the two roads which run from the lower — 
(north) end of Trout lake and near the Schroon river a white, : 
granular rock with larger quartz crystals through its mass was . 3 


Gj 1 
SEER BTN on Y 
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met at 147. In thin section this contains orthoclase of micro- 
perthitic habit in considerable abundance together with quartz, - 
microcline and oligoclase. A stray garnet occasionally appears. 
The rock is thoroughly granulated and has evidently been sub- 
jected to great strain and thorough crushing. 
At 148 however on the western slope of Cat mountain the 
syenite-gneiss again appeared. | 
Just northeast of Trout lake a coarse granulated syenite 
porphyry was collected, which exhibits the results of pressure 
and mashing in a marked degree. It has a coarse groundmass : 
of greenish orthoclase and biotite, with a little plagioclase, and 
large red lenticular phenocrysts of microcline, which are now 
chiefly granular aggregates. This recalls the similar rocks cited 
under Whitehall, and is like no. 128 from a quarry north of — 
Horicon village. | 
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Series 2. In the village of Bolton Landing a belt of white 
crystalline limestone is met, and associated with it are quartzose, 
micaceous gneisses and pegmatites with graphite, such as are | 
usually found in the vicinity of this member. One dense green 
rock, that is excessively rusty on exposed surfaces, exhibits under. 
the microscope garnet, quartz or scapolite, (the grains are so fine 
that it is difficult to discriminate) pyrrhotite, apparently rusted 
biotite and either graphite or magnetite. This type is not in- 
frequent in the vicinity of the limestones and betrays itself by 
its proneness to rust. : 

Series 3. Dark, basic gabbros were observed in five places in 

all. The largest is just south of the village of Bolton Landing. 
Another lies just north, while three others were in the extreme ~ 
northwest. | 

_ Series 4. We have met no paleozoic exposures. 

Series 5. We have met no trap dikes. 

— Series 6. The glacial deposits are widespread over the town. 
The post-glacial terraces on the Hudson are of special interest. 
- Two well developed ones were noted along the western central 
border of the town, respectively 25 and 45 feet above the river. 
This would be about the 720 and 740 foot contours. We have not 
‘however studied these phenomena with sufficient care to justify 
extended mention of them. 


Chester 


Topography. Chester lies between the valleys of the Schroon 
lake and river on the east, and the valley of the Hudson on the 
west. In its southern, central portion it contains two rather 
large lakes, Loon and Friends. Over most of the township the 
the elevations are moderate and picturesque affording a diversi- 
fied topography, without any specially marked trend. The 
greatest elevations are just along the northern border. Green 
hill on the northeast reaches 2227 and Maxham mountain on 
the northwest 2461. The western divides of the feeders of Loon 

' Jake and Friends lake are close to the Hudson, though these 
lakes discharge into the Schroon. This appears to be due to the 


_ parently the Hudson in this part of its course, follows along a 


nated, biotitic varieties, with feldspar as a rule in considerable 
excess and with abundant garnets. They exhibit many evi- 
a dences of mashing and the. micaceous streaks forcibly suggest 


they seem to constitute subordinate streaks in the gneiss. 


' been destroyed and the rock now gives the impression of vein 


‘top about three miles south and a little east of Chestertown. 
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sal Saree dione of the hills, and to their a w ste 
fronts, the same relation noted around Lake Champlain. | =x 
fault line whose western half has dropped. oe ‘ s 
Series 1. The prevailing gneisses in Chester are coarsely lami- 


slipping surfaces. More basic varieties with abundant, or it may 
be, predominant hornblende have been noted in a few places, and va 


At a point about midway between the north end of Loon lake 
and the Schroon river, a stratum of dark gray quartz about 20° y 
feet thick was found interbedded in the gneiss, and having sharp i) 


contacts with it. Many little flecks of pyrites are distributed - 


through the bed, and some mica and garnets. We regard it as . : 
a thoroughly recrystallized quartzite. The clastic character has — 


— quartz. | Sys . vs te 


Pegmatite dikes have been noted in one or two places, id inp 
one instance a dike was the basis of an unsuccessful mining 
venture for mica. The dike is near a gabbro intrusion on a hill- _ : 


Series 2. The crystalline limestones outcrop at two points, ones 
at the northern end of Loon lake, just east of the outlet and one 
at the extreme northwest corner of the township opposite North S & 
river. The former is charged with pyroxene, graphite and a 
quartz, and the latter is very thickly set with pyroxene, but both 
appear to be interbedded in the gneisses. The latter will be ; ae 
again referred to under Minerva. Ree 

Series 3. Three exposures of gabbro have been met in the cen- 
tral part of the town, near the two lakes, Friends and Loon. The 
one just west of_Friends lake, is associated with pegmatites con- 4 
taining tourmaline. ; 


The one southwest of Loon lake in a coarse _ 
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oe a diabase. Quite large bits of magnetite are present, and 
though no thin section has been made, apparently hypersthene 


is one of the components. The gabbro shows a oouccney to pass 


‘into amphibolites along the margins. 
Series 4. No paleozoics occur in the township except Potsdam 
boulders, which may be occasionally observed in the drift. 
Series 5. No trap dikes were met. — | 


‘Series 6. Glacial deposits are widespread and post-glacial or 


supposed post-glacial sands are frequent. Chestertown is situ- 
ated in a broad valley with abundant drift. Pottersville is 
partly built upon a terrace, that stands about 40 feet above the 
Schroon river, which would make it about 850 feet A T. 


Hague 3 
Topography. Hague is the northeastern township of the coun- 


ty and on the east lies along Lake George throughout its entire 
extent. It is quite a mountainous area, whose highest summits 


exceed 2000 feet. Asa great rampart on the north Stevens moun- 


tain reaches 2153, Third Brother 1956 and Trumbull mountain 
2220. The southeastern portion is occupied by Catamount moun- 
tain 2304, and its spurs. The valley of Fly brook divides the town 


into two east and west portions, in the southern two-thirds, and - 
eae then the east and west depression marked by the brooks en- 
tering Lake George at Hague, and Mill brook flowing. west into 


Brant lake, cuts off the northern third. Trout brook, which 
crosses the northeastern corner and enters Lake George at Ti- 
conderoga presents some striking reversals of direction in its 
upper tributaries and leads one to suspect stream piracy. The 
surface of Hague rises steeply from Lake George and at 
Rogers Slide in the extreme northeast and at Deer Leap on the 
southeast precipitous escarpments front the lake. 

Series 1. The gneisses constitute much the greater part of 
the township and they embrace several varieties of rock. There 
is a granitic type that may be quite massive. It is rich in quartz, 


has mostly feldspar for the remainder and comparatively few — 


dark silicates. Specimen 103 B from the cliff called Deer Leap 
is of this character. On Agnes island a variety richer in dark 
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silicates is met but still a quite acid rock (spec. 102A), no. 115 kg 
near Sabbathday Point, and no. 117 at Davis bay are similar ; no. 
.115 is a fairly massive binary granite. 


At Sabbathday Point a somewhat sheared dark porphyritic 2 
rock is met, similar to varieties collected in several localities in _ 


Essex co. It consists in fresh specimens of a dark green - 2 
groundmass of augite which is emerald green in thin section. a. 


In this aggregate are set large greenish crystals of plagioclase, 


now kaolinized. There is much apatite and much titanite also | 


present. If shearing effects this rock the feldspars become len- ‘ 
ticular and the dark silicate is drawn out into marked foliation. 
No. 109 west of Sabbathday Point on Bloomer mountain is the — 
same rock. 

A third type of gneiss is the green rock which was specially A 
described at Whitehall and which has been called the Whitehall 
: type. It has been already often referred to as augite-syenite | 
gneiss. Hague contains both very basic and very acidic varieties. — 
The augite-syenite yields on pressure a dark green gneiss, with 
variable amounts of feldspar and augite. It is found at Deer Leap, 
south of Sabbathday Point, specimen 103 A; at no. 110 due west of 
Sabbathday Point; at no. 116 on Vicar’s island; and abundantly 
on Tongue mountain in Bolton. It is also in great amount in the ; 
southwestern portion of the township and along the southern 
border. AS already stated we have gathered in former years a 
great deal of it in Ticonderoga just across the border to the north. 
Our observations are however somewhat fragmentary in the in- 
accessible parts of Hague on the southwest and northwest, and 
we feel conservative about making sweeping statements regarding — 
them. Along the road from Graphite to Brantlake the rock. was 
noted beyond Swede pond. 

A fourth type of gneiss results from foliation induced as nearly — 
as we can tell on a porphyritic granite of the kind quarried near i 
Horicon village, no. 128. This was gathered at no. 114 back of 
Hague village, and is the “* Horicon type.” 

The strike of the gneisses wherever determined has been almost . 
without exception, northwest. The dip about Sabbathday Point 
is northeast, near Hague village it is southwest. 
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Series 2. We have secured record of the white crystalline lime- 
stone at only two points. One is at the steamer dock at Sabbath- 
day Point, where at low water it is stated, limestone is exposed. 
_ The other is in a deep boring at the new prospect at Graphite, 
where Mr Frank Hooper informed us that limestone was 
penetrated 30 feet below the surface. The limestones also occur 
at Rogers Rock, but whether in Hague or Ticonderoga or both 
we can not say. 3 

_ In Hague township there are however the most interesting 
metamorphosed sediments of Precambrian age that have yet been 
met in the eastern mountains. The principal outcrop and the 
one best exposed is at the graphite mine about four miles west 
- of Hague village, but other rocks which are with little doubt 
altered sediments are met at several other points in the town. 
The graphite deposit will be first taken up and then the others. 
The graphitic deposit is an impregnation or dissemination of 
- graphite in quartzite. The graphite forms leafy masses among 
the grains of quartz and seemed to lie along slipping surfaces 
which have rubbed them out into small striae. Beyond question 
there has been movement in the rocks of a most pronounced 
character and they have-been squeezed and mashed with a slid- 
ing along the bedding. The quartz contains a good many small 
apatites and probably zircons and rarely shreds of biotite, but 
in the large way there is little else than quartz and graphite 
present. This simplifies the problem of concentrating the 
graphite, with which any scaly mineral would interfere. The 
foot and hanging walls are a tough, dense, green, garnetiferous 
gneiss, a peculiar rock that has not been noted elsewhere. Large 
red garnets up to half an inch in diameter are buried in the 
greenish, fibrous matrix. In appearance the rock suggests some- 
what the eclogites of Bavaria, but in thin section the hanging 
wall is found to be almost entirely sillimanite and garnet (see 
plate 10, fig. A and B). There is a little quartz and more or less 
graphite, and some small accessories, but other minerals are lack- 
ing. The sillimanite forms fibrous aggregates with roughly 
parallel alignment and of size from very fine rods up to prisms 
3s of an inch (1 mm) in diameter. It is broken by the cross frac- 
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tures common in this mineral. Its optical properties are normal. 
Thin sections across the foliation of the rock give basal sections 


of the sillimanite and excellent biaxial interference figures. — 


The foot wall has more quartz and contains also microperthite. ee 


Otherwise it is like the hanging. 


The oldest rock of all is a. hornblendic gneiss on which the _ 
others rest. It has the general mineralogy of a granite, with 
some variations. It contains quartz, microcline, microperthite, = 

brown hornblende, emerald green augite, magnetite and titanite, 


and is a type not infrequently met. It probably belongs in the 


general eruptive series with the Whitehall augite-syenite gneiss. 
It may have preceded the sediments but that is not yet demon- — a 


strated. At all events it occurs below them. 
Above the sillimanite-gneiss lies a quartzite without graphite, 


and at several points along the road from Hague to the mines. 
The graphitic quartzite and its wall-rocks are repeated by 
faulting as shown on the map and section, fig. 4. _ 
Series 4. The paleozoic rocks occur at but one point and that 


is between Silver bay and Van Buren bay. A drab limestone ; 


is found which appears to be Calciferous. 
Series 5. No trap dikes were found. 
Series 6. Glacial drift is widespread. Striae are occasionally 
discernible. Just north of Sabbathday Point they range N 25 EH. 
A mile west of Swede pond they run N 35 E. Clay sets up the 
valley of Northwest brook, and reaches the town line of Hague 
although mostly in Bolton. | 
Economic geology. The graphite mine is the only development of 


the useful minerals of the township. It is mined, crushed and — 


stamped in a battery of California stamps and then buddled 80 
as to save the lighter portion, while the heavier quartz is 


eliminated in the tailings. When concentrated to about 50% 


graphite, it is taken to Ticonderoga and washed up to a product” 


that is suitable for lubricants, but the process is kept secret.” 


aThe graphite mine in Hague has received mention once or twice already in print. 


C. D. Walcott, in the bulletin of the U. S. Geeological survey, no. 86, p. 391, describes ~ 


it in a single sentence as follows: ‘‘ A graphite mine in the neighborhood of Hague 
is a layer of very graphitic gneiss, comparable to a coal seam in an ordinary bedded 
succession.”’ Bu 
geol. soc. Amer. 10:227, pl. 22. An anonymous writer in the Engineering and mining 
journal, Aug. 24, 1889, p, 158, under the head of ‘‘ Vacation notes on northern New 
York,’’ also refers to it. 


See further note with a photoengraving of one of the open cuts, Bull. © 
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Plate 10 


PHOTOMICROGRAPHS OF SILLIMANITE-GARNET-GNBISS FORMING THE WALL-ROCK OF 
THE GRAPHITIC QUARTZITE THAT IS MINED AT HaGuE. A, SECTION PARALLEL 
TO THE FOLIATION AND SHOWING LONGITUDINAL SECTIONS OF SILLIMANITE IN 
THE LONG RODS. AT THE BOTTOM AND THE RIGHT ARE LENTICULAR CRYSTALS 
OF GARNET WITH DARK EDGES AND CRACKS. A LITTLE GRAPHITE SHOWS IN 
BLACK. B, SECTION ACROSS THE SILLIMANITE RODS SHOWING AT THE BOTTOM 
AND ON THE RIGHT THIN SQUARE CROSSSECTIONS. THE DARK MINERAL IS 
GRAPHITE. ACTUAL SIZE 14TH IN. 
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Horicon 


Topography. Horicon is a large township, which lies along 
the eastern side of Schroon lake and Schroon river, and extends 
eastward so as to include Brant lake, a large body of water, in 
its southern, central part. It is bounded on the east by Hague, 
| no topographic feature marking the border. Horicon is hilly 
and diversified with few elevations of notable hight. It is pro-. 
vided with a great number of small ponds. | 

Series. 1. The gneisses in Horicon are of a granitic mineralogy - 
in most cases. They are strongly laminated and contain much 
biotite. The prevailing feldspar is apparently orthoclase or 
microcline, but they have not been determined by the microscope 
and the statement depends on their similarity to other known 
forms. Just north of the village of Horicon is a hill on which 
| pis located a quarry that has given excellent exposures of the ~ 

country rock. The latter is now a coarsely prophyritic variety 
whose large pink feldspars 1-2 in. (or 25-50 mm across) are pretty 
thoroughly granulated microline. The groundmass is a mix- 
ture of brown and green biotite, quartz, greenish orthoclase and 
plagioclase, thoroughly granulated into particles 4 inch (3 mm) 
and less in diameter. Zircons, apatite, magnetite and pyrite are 
also present. The rock lacks gneissoid foliation to a great degree 


in the quarry, but it assumes it strongly on the north face of the © . 


hill. This exposure is of the highest significance, because it 
gives us the clue to the derivation of some thoroughly gneissoid 
and even schistose varieties from a massive granite porphyry. 
Somewhat. similar porphyries have been already recognized in 
Ticonderoga, Bolton and Whitehall, in addition to Horicon, and 
their schistose derivations when once the passage is established 
so that the varieties can be recognized, will be found we are con- 
fident in many places. An important step results in solving 
these metamorphic problems. The specimens on which the above 
statements are based are no. 128 and 129. At 130 near Round 
pond the gneiss is a sheared granite and is finely laminated; 138 
is Similar from a point a mileeast. At 140 a little further south- 
east a greenish rock like the Whitehall type of syenite-gneiss, 
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which has been so often referred to, was gathered. It contains 


however, abundant quartz, and is an acidic member of this series. _ 


The same type of rock is found to the east, extending into ras 


Bolton. Somewhere about no. 132 a fault breccia was met which ~ 
has innumerable angular fragments of gneiss, mixed up in a 
black groundmass or paste of chloritic decomposition products. 


The remaining gneisses of the township are quartz, granitic in 


their mineralogy, i. e., they contain quartz, orthoclase, biotite, — 


plagioclase, and sometimes hornblende. ‘They are often thickly 


seamed with pegmatite dikes, specially in the neighborhood of — 


the crystalline limestones. The western shores of Brant lake, | 


near the outlet, are illustrations, though at this point no lime- =; se 


- stones have’:been found. 


Series 2. The limestones appear in six different areas which 2 


will be at once apparent from the map. They are of the usual 
variety, coarsely crystalline, white marble, thickly set with 
pyroxene crystals, and often provided with graphite and with 
pegmatite streaks. They appear to be interfoliated with the 
gneisses, but we have not been able to discover evidence of other 
sedimentaries with them. The gneisses do however often as- 
sume schistose structures near them, more often than elsewhere. 


Series 3. In the southern part of the township, gabbros are 


quite abundant, eight exposures having been found in all. They 
are of the usual variety, and are not infrequently squeezed to 
hornblende schist. At specimen 139, about a mile east of Burnt 
pond, a gabbro dike has been shattered by faulting and pressure 
and into the cracks granulated gneiss like the country rock has 
been squeezed so as to form a matrix in which the masses of 
gabbro are set. The gabbro has resisted granulation much 
better than the gneiss, and has broken into angular fragments 


several inches across, while the gneiss has granulated and 


flowed. y : 

Series 4. The township contains no paleozoic strata. Bould- 
ers of Potsdam sandstone occur in the drift. 

Series 5. No trap dikes were observed. 

Series 6. Glacial drift is frequent and widespread. Striations 
or scratches have been observed in three instances. One south 
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of Beaver pond bore N 10 E; another about a mile southeast 
of the lower end of Brant lake was N 15 E, and the third 
near Burnt pond was N 10 E. They coincide with other obser- 
vations in the region. : 
Abandoned lake bottoms, now meadows or swamps have been 
noted in several instances in the valleys. 
-- ‘Beonomic. The quarry near Horicon is said to have ienined 
some stone for the state capitol, and its dark groundmass with 
mottlings of pink feldspar ought to afford an attractive stone. 
‘A well has been drilled to a depth it is said of over 2000 feet 
through the gneisses in the extreme northwest corner of the 
town in the hope of finding petroleum. Some rumors have spread 
that traces of oil have been discovered but it is manifestly absurd 
to look for liquid or gaseous hydrocarbons in these old metamor- 
phosed crystalline rocks. 


Thurman 


Thurman is a large township that extends from the valley of 
the Hudson, westward almost 20 miles to the Hamilton co. 
line.- It contains several peaks of considerable altitude—Mt 
Blue for example reaching 2925—and between the ridges are 
deeply incised valleys. 

_ In 1897 only the eastern portion was traversed so that a full 
report on the town can not be made with the data now in hand. 

Series 1. The gneisses form the larger part of the eastern 
portion of the township and present much the same characters as 

: those to the north and south. They are hornblendic, so far as one 
can determine them with the eye, but under the microscope they 
would doubtless show the usual green pyroxene and occasional 
hypersthene, with microperthite and more or less quartz, charac- 
teristic of the Whitehall type. 

Series 2. The crystalline limestones and ophicalcites and their 
associated rocks are quite widely developed and have indeed 
received some attention as sources of ornamental stone.* The 
series projects into Thurman from Johnsburg and forms a con- 


aG. P. Merrill Ophiolite of Thurman, Warren co. N. Y.—Amer. jour. sci,, Mar, 
1889, p. 189. | 


é “siderable area in the eastern central part of the town. a 
on the map. Another small area lies about four. miles 
een station.- 


S tonyereck 


Biarcel: is another large township that exten fro 
_ Hudson to the Hamilton co. line. Only its eastern ae 
_ studied in 1897. | | mo 


in the eastern part of this town is gneiss, except fon? one 


oe of gabbro. No. ay from Bald mountain, is a gee bro 


a es with their long axes parallel and presenting a series ve thin 
— elongated projections on the weathered surfaces. The quartz = 
___ give the exposure a very rough exterior. This variety of gneiss _ 


blende and a little biotite. Prof. Cushing also discovered lar 
quantities of it in Franklin Falls township, Franklin ¢ 
We Ete it Hees as a rusty, Ey Saas On a south si 


204 was collected. It is the green, syenitic variety of a 
often referred to above as the Whitehall type. The same variet: 
is iiesent to the south. : 


; office, on the road to the railway station. The eae was é 
poor one and may have beena boulder, = © . 
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- Series 3. One outcrop of the usual dark gabbro was discovered. — 


It was found at the bridge over the creek on the road from Stony- 


- ereek Station to Stony Creek Center (or postoffice), specimen 
203. It is the usual gabbro. 


Series 4 and 5 were not found. Of Series 6, the glacial drift is 


_ _ widespread and terraces along the creeks are sometimes striking. 
On Stony Creek, two or three miles below Harrisburg, three may 
be observed, for whose correlation with others, topographic 

maps will be needed. No glacial scratches were noted. 


Hadley 


: Hadley is a comparatively small township, that lies along the 


west bank of the Hudson at the southern boundary of the county. 
The Sacondaga river enters the Hudson from the west, dividing 
the southern third from the northern two thirds of the town. 
Series 1. All the ledges that were noted in Hadley are gneiss. 
No. 205, from the area north of the Sacondaga, is a well-foliated 


feldspathic representative of the Whitehall type. It contains 


microperthitic orthoclase, plagioclase, deep brown hornblende, 
and considerable quartz. Garnets are visible to the eye, and 


extensive granulation has been caused by pressure. No. 217, 


\ 


from the extreme south is a very finely foliated variety, and one 


that has been so excessively crushed as to resemble a compact 
quartzite. In thin section some plagioclase and some orthoclase 


are present, and more or less biotite, but the chief mineral is 
quartz. 


Series 2, 3, 4 and 5 were not observed. 
Of series 6 the glacial drift is widespread and is often water- 


' sorted. The terraces so often observed in this county are beau- 


~ley. A stamp-mill has been erected, but no disinterested assays 


tifully developed. Along the Sacondaga river, between Conk- 


lingyille and Hadley village, two respectively 30 and 60 feet above 


the river, are striking features of the local geology. 
Attempts at gold-mining have been made upon the oileeean 
along the Sacondaga about one and one half miles west of Had- 


of the gravel are available. 


~*~: 


_— 
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Day sete 

Day lies west of Hadley, and, like it, is cut by the Sacondaga 
into two unequal parts. Only gneisses and glacial drift have 
been as yet noted. No. 208 is a coarsely foliated gneiss of the : 
mineralogy of a biotite-granite so far as one can determine with 


the eye alone. Observations as yet relate only to the eastern — : 
part of the township and to the highway along the Sacondaga.. 


Luzerne 


Luzerne lies along the east bank of the Hudson, opposite Had- © 
ley, but extending farther south. It is a narrow township in 


an east and west line, being but three to four miles across. The 


township contains, so far as we have observed, gneisses, paleozoic 
strata and glacial deposits. ee 
Series 1. The gneisses cover all the town, except for a small k | 
outlier of the paleozoic sediments near Corinth. The gneisses 
are chiefly of the Whitehall type. They vary from quite massive 
and poorly foliated varities, like no. 212 and 207, to very finely 
foliated varieties, like 215. These rocks present in thin section 
quartz, microperthite, more or less plagioclase, brown hornblende 
and sometimes green augite. No. 215 is a deceptive rock, being 
light green in color, thinly foliated and resembling a crushed 
and gneissoid anorthosite. It is, however, an aggregate of finely 
| granulated quartz, microperthite and plagioclase, with prominent 
lenses of quartz, which one can not help regarding as recemented 
granules, and which are together larger than any original quartz 
crystal. At 206 garnetiferous, biotite gneiss was recorded In the 
field. ap 
The peculiar rounded knob, as viewed from the south, known 
as the Potash Kettle, is a most remarkable topographical form. 
It is a coarsely foliated gneiss, no. 212. — | 
Series 4. A small northerly outlier of paleozoics is found in 
the Hudson valley near Corinth. .The beds cover only a very 
small area and are a remnant of a former extension of the large 
southern exposure. The best exhibition of the beds is on the 
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west bank of the river, and indeed it is not certain that any 
actually outcrop in Luzerne, but as systematic work has not yet 
_ been undertaken in Corinth our observations are recorded here. 
- The most northerly exposure is under the west end of the 
bridge over the Hudson at Corinth. About 24 feet of Potsdam 
are exposed. The lowest eight feet contains some slaty layers, 
the next eight feet is a dark gray, slightly calcareous quartzite, 
_ resembling limestone and having some shaly layers. The upper- 
most eight feet are quartzite. A hundred feet below the bridge 
there are six feet of conglomerate quartzite resting on gneiss 
and evidently a basal conglomerate. 500 feet below the 
bridge 50 to 60 feet of Potsdam, with a low northerly dip, are 
exposed. On the quartzite is sand of series 6 with boulders 
of gneiss. These exposures of Potsdam have been noted briefly 
by N. H. Darton. The outlier of Calciferous at Schroon Lake 
 postoffice about 40 miles farther north, gives some ground for 
thinking that paleozoics formerly extended much farther in this 
direction.® 7 
No trap dikes of series 5 were found. The glacial drift is 

- widespread, and interesting terraces were noted along the river. 

No striae were recorded. 

ESSEX CO. 
Minerva 
Some observations have been made in Minerva in order to fill 

out the gap left in the map that was issued in the report for 

1895, p. 602, plate 9. As there given the northwestern corner of 

the town was not colored in. Mr Newland has been over parts of 

it and has visited the neighboring townships north and west. 

There is no question that the country rock is gneiss, but there 

may be crystalline limestone areas and outcrops of gabbro in it 

that we have not noted. The gneiss is the Whitehall type. It is 
-prevailingly gray to greenish and contains quartz, microperthite, 

plagioclase, hypersthene, and often hornblende and green augite. 

Zircons and pyrrhotite are the chief accessory minerals. Granula- 


a Report of the state geologist. 1893. p, 410. 
bJ.F. Kemp. Physiography of the eastern Adirondacks in the Cambrian and Ordovician periods, 


Bull. geol. soc. Amer. 8:408-12. 


Fig 5 


Section AA near Minerva Village. 


mineralogy is doubtless that given above. There is eviden e 


. a syncline at this point, aa an intrusion of se in the 


western ae of the town where the ene to Blue Moun 
lake passes. : 


ae “ those associated with the garnet mines in the southern part 1 I 
___ North River. It was stated in the previous report? that these a 
in Warren co. This is a mistake. The mine now operater 4 
_ by the Messrs Hooper lies in Minerva, but very near the Tin 
i The brownish red, massive garnet lies in a hornblende schis 
: amphibolite, of which it forms about 15-20%. Crystal outlines 
lacking, the mineral occurring in rounded masses up to 
ost inches in diameter. It is much cracked and granulated. | 
es rock containing it is chiefly coarse brown hornblende, with S 
basic plagioclase and some pyrite. Occasional pockets ri 
_ feldspar are met. The garnets are more or less shattered 


ue a Report of N. Y. state geol. 1895. p. 604. oy 
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show signs of having been subjected to pressure but they exhibit. 


no optical anomalies. 
The wall rock of the garnetiferous bed is a gray or greenish 


gneissoid variety that consists of quartz, microperthite, plagio- 


clase, rarer orthoclase, orthorhombic pyroxene, augite, zircon 
and pyrrhotite. The foliation and the garnet bed dip 
sharply to the south. A little over a mile to the north and on the 
other side of the Blue Mountain highway is found a second gar- 
net bed high up in a steep escarpment north of the road. It dips 
to the northeast. Between the two lies a valley with limestone, 
_ apparently forming the eroded core of an anticline. There is rea- 


son to think that the two outcroppings of garnet rock belong to 


the same bed. | 
The garnet rock is mined at the southern exposure, crushed, 
washed and shipped in considerable amount each year, as the 


mineral is a highly prized abrasive. The origin of this peculiar 
* bed presents an interesting theme. The country rock is probably | 


igneous. Its mineralogy and structure favor this derivation. 
. The garnet rock must be either an altered form of a very impure 
limestone, or else a very basic igneous rock, that was an original 
sheet or dike. The former supposition appeals more strongly to 
Cae . | 
Just to the south and east of the garnet mine and between it 
and North River, great quantities of huge boulders of Potsdam 
_ sandstone were noted in the fields. Fragments as much as 80 feet 
by 15 feet were found in so fresh and unweathered a condition 
that it was difficult to believe that they were not in place. It 
would seem as if there must have been in this valley an outlier of 
the Potsdam, similar to the others discovered elsewhere in the 
: mountains, and that it has been but slightly broken up by the ice. 
No assured examples of the rock in place were, however, found. 
The boulders are on the north side of Thirteenth brook and 
mostly in Warren co.* 
Across the Hudson from North River an interesting section 
is afforded of pyroxenic limestone next the river, striking N30 


@ The Potsdam was found in place in 1890 by B. F. Hill. 


%y 


_syenitic rocks, often referred to as the Whitehall type. ‘They ee 


strike and dip viz N 35 W 40 NE. The Bee. contains | narro 
epauts of horablende setae ay 


stones of any and together with Newcomb, it would probably 
yield valuable stratigraphic results if mapped in detail. 


Newcomb vee a 


and eee aoetuae of the towrship. That has now ieee 
_ performed and a fairly complete outline of the town can be given. | ee 

Series 1. The gneisses have been found to cover all the north- 
western and southwestern portions of the township. They are 
greenish varieties, apparently of hornblendic character to the - 
unaided eye and present in almost all cases the features of the 
vary from more acidic forms with free quartz, to quite basic © | 
varieties, with abundant dark silicates. that simulate odbhnceet 
and that have troubled us greatly as to their identity in the — 
field. Under the microscope these rocks are found to contain = 
orthoclase, largely microperthitic, subordinate plagioclase, vary- ee 
ing amounts of brown hornblende, emerald green augite, and hy- 
persthene, sometimes one sometimes another predominating. — 
They therefore are regarded as an eruptive rock, it may be of = 
Series 3 that has been foliated by dynamic metamorphism. = 

Near the areas of crystalline limestones, biotitic and. ‘more “aN 
schistose varieties of gneiss are met, that are characteristic of = 
this series. ‘ 

Series 2. In the areas more recently traversed, no new imine 
stone outcrops have been noted but there may be some smal] : 
ones that we have not encountered. Ps 

‘Series 3. Some special interest has attached’ to the aelisntian 
tions of the anorthosites north of Newcomb village, and it is 
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believed that we have the boundaries located with approximate 
correctness. We have been obliged to work with maps which 
are drawn on a very small scale, and are not at all accurate, and 


as the region is a heavily wooded one, and as the glacial drift | 


in the valley of Cold river is heavy, outcrops have not been 
found with all desirable fulness. Typical anorthosite was met at 
no. 185 in a brook coming off the north side of Mt Santanoni. The 
- brook was then traced down to Cold river and the river itself 
followed for two or three miles without meeting ledges or any 


rocks in place. The predominating float was however anor- 


thosite. In 1898 one of us (J. F. Kemp) visited the Cheney ore 
bed about two miles west of the middle point of Lake Sanford, 
and anorthosite was found everywhere, except at the ore bed, 
where gabbro appears. 

The anorthosites have been shown by the recent work of H. P. 
Cushing to extend a long distance into Franklin co. and to con- 
stitute a very large area in that section. 

Series 4-5. No new observations of importance have been ac- 
cumulated regarding these formations. There are no paleozoic 
- pocks in the township. No new dikes have been met. The 
glacial drift is widespread. It embraces many boulders of anor- 
thosite to the south along the highway beyond the Boreas river, 
but they then die out. They are abundant on Cold river to the 
town line but then die out. Potsdam sandstone appears in the 
drift in this region, but whence it came we can not positively 


state. 
HAMILTON CO. 


Long Lake 

Only the eastern half of this town has been studied, as by 
arrangement with Prof. Smyth, the western half comes within 
his area. 

Series 1. Nearly all the portion traversed by us has been found 
to be gneiss whose chief mineral is microperthitic orthoclase. 
Some light-colored varieties like 171, contain considerable quartz 
and but few dark silicates, those that are visible being chiefly 
brown hornblende. From this acidic extreme the rocks grade 
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down to those that are very ae dark silicates. Ne 0. 173 is ae 
this character, the dark minerals being hypersthene, ‘greet 
-augite, and brown hornblende. Plagioclase is also present. The 


te - rocks are all variations, however on a single type and are the 
game as the gneisses described from Indian Lake and Newcomb. — a 
ay a The strike of the foliation varies a good deal. The commonest = 


ss Series 2. The crystalline limestones have only been found : 
- where the Newcomb road crosses the town line. They presented - 
‘no unusual features. ve 
ss Series 3, 4 and 5 are entirely lacking. ee 
Series 6. The glacial drift is abundantiy developed and covers 
much of the town, specially near the shores of Long lake itself. " 
Boulders enter largely into it. On Cold river, considerable an- 
x ee _ orthosite occurs in the drift, and rarely a Potsdam pebble may be SS 
+ seen. In the angle between Long lake and Cold river there is 
oes Much clay, occurring about 3 to 4 feet above the water level. No 
glacial striae, distinct enough 'to measure, were observed. ie 

ee | Indian Lake . 
ee - Series 1. The portion of this township of Hamilton co. ae : 
2 between the highway from North River to Longlake and thes 
- = Essex co. line, has been investigated and has been found to. 
be almost entirely gneiss. It is of the Whitehall type, and - : 
contains microperthitic orthoclase, some plagioclase, together — *, 
with green augite, brown hornblende and occasionally hyper- 
ei sthene. Acidic varieties have quartz, and very basic ones are 3 
oa rich in the dark silicates. The prevailing strike is northwest — ms : 
with a tendency to approach an east and west direction. aa 
Series 2. The crystalline limestones have been met where thes 
highway crosses the line with Minerva, but they have not been — ees 4 
elsewhere discovered, though the rather open and level char- En} 

acter of the country would lead one to infer their more extended oe : 
presence. | : tae 
x Series 3, 4 and 5 have been nowhere observed unless: the : a : 
gneiss referred to above belongs with Series 3. is 


~ 
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Series 6, embracing the glacial drift is widespread. Gravel 
indeed covers so much of the town as to conceal a large part of 
the hard geology. Glacial scratches were observed on the west 
slope of Blue mountain and bore N15 E. The topographic sheets 
will be needed in order to work out the further details of the 
township geology, but it is appreciated by us that some interest- 
ing problems in connection with the history of the drainage 
system, are presented. 


Pa 


_ Bainbridge, 


PNe DAE 


The superior figures tell the exact place on the page in ninths; e. g. 25° 
means page 25, beginning in the third ninth of the page, i. e. about one 


third of the way down. 


Adams, F. D., on quartzites, 508. 
Adirondack regiuns, crystalline 
rocks, 469-97. 


- Afton, geologic formations, 987-105'. 


Albany county, geologic formations, 
239°-64°; works describing geology, 
332°-347; limestone formations, 
4297-315, 

Allegany township, petroleum pro- 
duction, 33°-34', 42°, 46*, 54°-60?. 

Amsterdam, limestone quarries, 443°, 


Analyses, cement rock, 449°; limes, 


3827, 385’; portland cement ma 
terials, 4137-15’; rock cements, 401‘; 
limestones: 3835, 384!, 434') 452"; 

461’; Becraft, 431°, 437°, 457°; cal- 
eiferous, 434°, 488', 4447, 4507-51", 
453"; Chazy, 363%, 433°, 487°; Cor- 
niferous, 449'; crystalline, 4547-55°, 
466°,467'; Guelph, 4417-42°; Helder- 
berg, 430°-31°; Niagara, 445°; On- 
ondaga, 436'; Tentaculite, 438°; 
Trenton, 439', 439’, 4407, 440°, 441’, 
443°, 4467, 453°-54?, 459-60", 462, 
4687, 4647, 4657, 4667. 

Arcade, gas wells, 25°. 

Ashburner, C. A., papers referred 
to, 14°, 27°, 59°, 2844, 335*. 

Athens, geologic formations, 274°. 

Attica, gas wells, 23'-25. 

Auburn, gas wells, 11°-12*. 

Avon, gas wells, 20°. 


geologic formations, 
945-98". 

Baldwin, S.P., on Pleistocene times, 
§21?, 


Baldwinsville, 
447’, 

Basic steel, manufacture of, 374’. 

Batavia, record of gas wells, 218-22°, 

Beck, T. R., and Eaton, Amos, on 
geology of Helderbergs, 332°-33?. 

Becraft limestone, 364*; analyses, 
431°, 437°, 4577; origin of name, 
340°-41}; 

geographic distribution: 367'-68°; 

in Albany county, 340°-41°, 351°, 
429°; in Clarksville, 851°; in Co- 
lumbia county, 431*; in Greene 
county, 437*; in New Salem, 340°- 
41°; in Ulster county, 455°, 4567-5T°. 

Beet sugar manufacture, 381°-84*. 

Berne, geologic formations, 240°%-51°. 

Birdseye limestone, thickness, 3607; 
geographic distribution, 360°, 361°; 
in Herkimer county, 438’. 

Bishop, I. P., Report on petroleum 
and natural gas in western New 
York, 6°, 9-68; on limestone for- 
mations in Erie county, 434°-35°. 

Black river limestone, geographic 
distribution, 360°; in Clinton 
county, 4382*; in Essex county, 
436". 

Blenheim, geologic formations, 194?- 
Zo. 

Bolton, topography, 533‘; ‘geology, 
533°-35°, ps 

Bradford oil and gas sand, 60?. 

Brighton, limestone quarries, 441’, 
4A7®. 

Brockport, gas wells, 287. 


Niagara limestone, 


ph Broome, geologic 
oe: ; arin: 

Buffalo cement company, 25°, oe 
TR RES 

ee Buffalo natural gas fuel company, 
ip fe aS oe 


ee : Cairo, geologic formations, 274°. 
oe _ Galciferous limestone, analysis, 434°, 
«4881, 442?, 4507-518, 453"; sometimes 


__ ealled Calciferous sand-rock, 258°; 
-—_—s« geographie distribution: 358°-59’, 
 449°-50'; in Herkimer county, 437°. 
sca 38°; in Montgomery county, 442°, 
eae 441'; in Rockland county, 4507-518; 
in Saratoga county, 452°-53*. 

| leh Caledonia, gas wells, 211. 

- Cambrian limestone, in Orange 
a . a county, 450°. 

“ee Canandaigua, borings for gas, 20°. 

: | i Canandaigua lake region, petroleum 
me production, 20°. 

3 _ Candelot, —, on manufacture of 

cement, 4174. 

- Carbonic acid gas, dolomite used in 
; manufacture, 375°. 
Carrollton township, oil field, 42°, 
464, 50°-5 4°. 
Catskill, geologic formations, 274°. 
Catskill formation, use of term, 
136; fish fauna, 323?-27°. 
Catskill shaly limestone, 364*. 
Catskills, geologic formation, 282%- 
88°. 
od Cattaraugus county, oil and natural 
) 2 gas; 38-61%, 631. ; 

Cayuga county, gas wells, 117, 12°. 

Cement rock, analysis, 449°; 
Ulster county, 455°. 

Cements, 389%-428'; criteria of qual- 
ity, 424'-27'; uses of, 4277-28". See 
also Natural cements; Portland 
cement. 

a Charlotte valley section, geologic 
: formations, 138°-63°, 


a 


in 


formations, 231" 


Claypole, EK. W., paper referred t0, 
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Chazy limestone, analysis, Be 
487° COE! ae distribution, : 


_ Essex county, 436° 
Chemung formation, el 
and distribution in central an 


ogy, 5362-378, 
Chipmunk oil and gas field, 46° 
Bit Oa. 

Chlorid of lime, 3845-857. 

Cicero, Niagara limestone, 447, 
Oe J. M., on _ SD.» 258 


covery of fish-remains in che. 
mung formation, 323%. a ¢ 
Clarksville, geologic formations 
ee Daleontoloey pee 


C. S. Prosser, 65-327. 


Boies es 


tions, 4321-33°. ees re 
Clinton group, gas production, 134, 
ee a Sale 


4427, 

Clyde, gas wells, 27°. e 
Collinsville, limestone quarries, 439°. 
Columbia, limestone quarries, 4384 2 
Columbia county, limestone forma- 
tions, 4314, 449°. eee 


att 
Conewango, gas wells, 38°. 


-. Conrad, T. A., proposed name One- 


- Coralline 


Countryman hill, 


ler 


onta group, 74’, 807; on geologic 

formations of Clarksville, 343% 

45°. 

limestone, see 
limestone. 

Corfu, gas wells, 237. 

Corniferous limestone, average ain. 
368; analysis, 486', 449'; in Albany 
county, 429"; in Erie county, 434°- 
35°, 4386‘; in Onondaga. county, 
448", See also Onondaga lime- 
stone; Upper Helderberg lime 
stone. 


Niagara 


geologic forma- 

tions, 3342-38’; paleontology, 339- 
42. 

Coxsackie, geologic formations, 274°. 

Crystalline limestone, analysis, 454’, 

~ 55%, 466°, 467°; in Lewis .county, 
440’; in St Lawrence county, 454°- 

_ 55°; in Westchester county, 466*. 

€rystailine rocks in Columbia 
county, 431°. ; 

Crystalline rocks of the western 
Adirondack regions, by C. H. 
Smyth jr, 469-97. 

Crystalline rocks of Washington, 
Warren and eastern Hamilton 
eounties by J. F. Kemp and D. H. 
Newland, 505-53. 

Guba, oil and gas wells, 42’. 

Cushing, H. P., investigations on 
erystalline rocks of Adirondack 
region, 7; on Augite syenite near 
Loonlake, 474°, 507° 


Dansville, gas production, 25+. 

Darton, N. H., report on geology of 
Albany county, 240’; on Oneonta 
formation in Albany county, 245°- 
46", 2547; on beds underlying Be- 
eraft limestone, 368°; on thickness 
of Birdseye formation, 361°; on Ca!l- 
ciferous limestone exposures, 359°; 
on merging of Chemung and Cats- 
kill formations, 1237-24'; on thick- 


INDEX 


BbT 


ness of Chemung formation, 115’; 
on Chemung rocks of Catskills, 
272'-73'; on Chemung rocks in 
Meredith, 127%, 129°, 180°; on Che 
mung shales, 119°; on Dormans- 
ville quarries, 261'; on fossilifer- 
ous rocks of Franklin, 122'; on 
geology of Helderbergs, 3337; on 
Helderberg limestones, 3657-665; 
use of term Lower flag series, 
297°; on Niagara limestone at 


Howecave, 363°; on fossiliferous — 


rocks at Oneonta, 81'; extent of 
Oneonta formation, 99*, 213°, 289%- 
90'; on exposures of Potsdam at 
Corinth, 5474; on thickness of 
Trenton limestone, 3618-627; on 
geologic formations of Ulster 
county, 289%, 456°, 456°, 458’, 459°, 

Davenport, geologic formations, 
138°-41°. 

Davis, W. M., referred to, 278°; on 
fossiliferous rocks near Kaaters- 
kill creek, 281°; use of terms 
Hnecrinal and Upper Pentamerus, 
367’; on thickness of Becraft lime- 
stone, 367°-68?. 

Day, geology, 5467. 

Delaware county, Devonian system, 
80’; geologic formations, 105?-38°; 
upper Devonian fish fauna, 317-27. 

Delaware valley, geologic forma- 
tions, 122°-34", 

Delhi, geologic formations, 195°-20, 

Devonian system, classification, 
80°-81?. 

Diana-Pitcairn limestone belt, 471°- 
86°. 

Dolomitic cements, 3927. 

Dover Plains, limestone quarries, 


433". 

Dresden, topography, 514°-15°; geol- 
ogy, 515°-20°. 

Durham, geologic formations, 265°. 


Dutchess county, limestone forma- 
~ tions, 4337-3847, 449°. 
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| Dyckerhot, Furnace flux, limestone used : 


—, on manufacture of 
cement, 416°. ie 


ee ariaat Otto, oil and gas wells, 37°. 
me Hastman, C. R., Upper Devonian 
fish fauna of Delaware county, 
New York, 317-27; account of 
fossils, 114°; quoted, 162°; speci- 
-- mens in shale at Gilboa, 211‘; on 
fish-remains in shale of Kaaters. 
kill creek, 283°. 
- Eaton, Amos, and Beck, T. R., on 
geology of Helderbergs, 332°-33°. 
ae . Eddyville, limestone quarries, 456°. 
 Hllicottville, oil and gas wells, 37+. 
sa - Hmmons, Hbenezer, report on geolog- 
ic formations of Clarksville, 3457- 


46"; - rock formations of Gilboa, 
-—s«-212.138; on rocks at Jefferson, 
ae 162; geology of Helderbergs, 333°; 
suse of term Portage, 159°; on 


Schoharie valley region, 1€5°; on 
rocks near Summit, 159°. 
Erie county, gas production, 257-26°; 


ss conclusions regarding natural 
e, -- gas, 30°; limestone formations, 
Re, 4942-36", 

___ Essex, limestone quarries, 437°. 


Essex county, limestone formations, 
_  486°-378; geology, 547°-517. 


Fair Haven, limestone quarries, 
460°. 
Fish-fauna of Delaware county, 317- 
oT es 
Fisher, W. L., on geology of Delhi, 
 1257-30°; on geology of Davenport, 
140°-41°, 
Fort Ann, topography, 5297-30"; geol- 
re ogy, 5305-32, 
Franklin, geologic formations, 1138'- 
22 
{ Franklinville, gas wells, 37°. 


Fulton, geologic formations, 171’- 
94’, : 
_ Fulton chain, limestone belt, 486°- 
% Di 


Guelph limestone, analysis, 4417-498 


i. 


es gas wells, 29%. 


Genesee slater gas prodtiance or 
Geneva, gas wells, 14°. 
eee gas yet ae 


Given. , on limes and ‘mortars s 
377, 387". 

Glass, lime used in manufactur 
385°. 

Glens Falls, limestone quart. 
459°-60*. 


Gouverneur, marble quarries, 4551. 
Gowanda, oil and gas wells, 35*+3G@. 
Grant, John, on manufacture of 
-cement, 416%. 
Great Valley, gas wells, 40, 
Greene county, geologic formations, _ 
264'-88°; limestcne formations, ; 
4374. hae ‘aoe 
Greenville, geologic formations, 265°. 
Greenwood, John, acknowledgments | j 
tO, Ger. 


in Monroe county, 41%. 
Guyot, Arnold, on Schoharie creek, 
1637-64"; hight of Mt Pisgah, 273%; . 
on elevation of Broome, 232%, 


Hadley, geology, 545°. 

Hague, topography, 587%; geology, s 
537°-40°. ; oN 

Hall, James, use of fon Becraft | 
limestone, 3371, 340°-41'; on thick: — > 
ness of rocks in Catskills, 282s Bice 
paleontology of Clarksville, 346); 
classification of Devonian system, 
80'; on fossiliferous rocks 7 
Franklin, 117°-18*, 119*; enumera- 
tions of formations of Helder- 
bergs, 833°; addition to collection 
of Helderberg fossils, 331°; pro- 
posed term Ithaca group, 74°; on 


=e, 
é 


Ly 


- 2 


Hartmann, J. M., table showing 


shale of Kaaterskill creek, 283°; 
on Niagara limestone at Lockport, 
4447-451; measurement of rocks 
along Schoharie river, 165’; trunks 
of tree ferns secured by, 210°. 

Hamilton county, crystalline rocks, 
BOD-D3. 

Hamilton formation, gas production, 
12*, 24°-251, 327; classification and 
distribution in central and eastern 
“New York, 65-327; in Clarksville, 
3538°-54°, 

Harpersfield, geologic formations, 
140°. 

Harrisville, marble quarries, 455%. 


value of limestone, 372°. 


- Helderberg limestones, 364*-69°; an-. 


alysis, 430°-31°; in Albany county, 
429°-31°; in Herkimer county, 488°; 


in Oneida county, 445°; in Onon- 


__ daga county, 446%, 447°-48°, 
~  Helderbergs, eastern, stratigraphic 


~ 


= 


~ 


geology, 329-54. 
Herkimer county, limestone forma- 
tions, 487°-39*. 


_ _ Hinsdale, oil and gas wells, 41°-42°. 


<-60". 
Holly, gas wells, 29°. 
“Honeoye Falls, connected with West 
Bloomfield gas wells, 15°. 
Hoosick Falls, limestone quarries, 
452°. 

Horicon, topography, 541'; geclogy, 
541°-43%, 
Hudson river, discovery of old chan- 
nel at South Corinth, 510+, 529°. 


_ Hudson river group, gas production, 


28°. 
Humphrey gas field, 40+, 
Hunter, geologic formations, 284°- 
85". 
Hydraulic cements, 376"; alkalies in, 
_ 8967; uses of, 4277-287, 
Hydraulic limes, 390*-402+, 
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Hydraulic limestones, at Rosendale, 
364°; in Erie county, 484°, 435°; in 
Onondaga county, 447°. 


Indian lake, geology, 552°-53?. 

Ingham Mills, limestone quarries, 
438°. 

Irving, J. D., analyses made by, 
3577. | 

Ischua, oil and gas well, 41° 

Ithaca, gas production, 12; 

Ithaca formation, in Oneonta, 68¢- 
86°; in Otego, 86’; fish fauna, 318"- 
23°) 


Jamesville, limestone quarries, 447°, 
449", 

Jefferson, geologic formations, 160'- 
63°. 

Jewett, Ezekiel, discovery of fossils 
in Franklin, 117°, 118°; on Che- 
mung fossils at Delhi, 130°-31'. 


Kemp, J. F., on gneisses of Essex 
county, 489°-90'; papers referred 
to, 547°. 

Kemp, J. F. and Newland, D. H., 
Preliminary report on geology of 
the Precambrian crystalline rocks 
of Washington, Warren and east- 
ern Hamilton counties, 7', 505-53. 

Kolderup, F., on labradorite rocks 
near Soggendal, Norway, 5077. 


Leroy gas wells, 22'-23', 

Lewis, —, on cements, 401°, 4057, 
Lewis county, limestone formations, 
439°-41?, 
Lewisburg, 

455%. 
Leyden, limestone quarries, 439°. 
Lime, production, 375°%-81°; slaking, 

377', 386°-88°; uses of, 381°-402°; 

analyses, 3827, 3857; composition 

and physical properties, 389". 
Limestone (village), petro!'eum in- 

dustry, 331. 


crystalline limestone, 
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-Limestones of New York, 355-407; 
analyses, 383°, 384', 434’, 452’, 4617; 
composition, 371'-72?; geologic and 

geographic distribution, 3577-70°, 
428°-67; origin,370*; uses, 372-4025; 
varieties, 3727. See also Birdseye 
-limestone; Black river limestone; 
_Calciferous limestone; Cambrian 
limestone; Chazy limestone; Clin- 
ton limestone; Crystalline lime- 
' stone; Guelph Hmestone; Helder- 
berg limestone, Hydraulic lime- 
stones; Lower Helderberg lime- 
stones; Lower shaly limestone; 
Niagara limestone; Onondaga 
limestone; Pentamerus limestone; 
Tentaculite limestone; Trenton 
limestones; Upper shaly lime 
 gtones; Wappinger limestone. 
Lithographic limestone, 375+. 

- Little Valley, ‘gas wells, 38°-39°. 

Livingston county, gas wells, 207- 
22%, 24°-251, 

Lockport, gas wells, 29%-308; lime- 
stone quarries, 444°, 

Long lake, geology, 5517-52". 

Lower Helderberg group, sulphuret- 
ted hydrogen, 12+. 

Lower shaly limestone, in Ulster 
county, 455°. 

Lowville, limestone quarries, 439°. 

Luther, D. D., on waterlime in On- 
ondaga county, 447’; on hydraulic 
limestone in Onondaga county, 
448}, 

Luzerne, geology, 546°-47°. 

Lyell, ‘Sir Charles, on solnepaee 

331%. 
Lysander, limestone quarries, 4477, 
. 3 

Manlius, limestone quarries, 447°, 

Map, showing oil-pools of Cattarau- 
gus county, 637. 

Marcellus, limestones, 4477. 


Naples, borings for gas, 20°. 


Marcellus shale, gas producti 
20', 31°, 327; in Clarksville, 3 
Masonville, geologic forma 
105’7-6°, BE 


goolosicat iste 333"; 
on geologic ‘torial near Nor 
Blenheim, meee os use of ter 


543° : 
Michaelis, —,. compeaien of fe 
draulic lime, 3911; on cement 
407°, 4095, 4257. pee 
Middleburg, geologic formations, 
166'-70°. 
Minerva, geology, 547’-50?. 


mations, 442°-44*, a 
Mortar, slaked lime used for, 877 ; 
3861. : 
Mud creek oil and gas. field, 38*. 


Nason, T: L., on rocks of Adi on cS 
pea 472’, 


tion of petroleum, 61%. 
Natural cements, 392°-402°; analysis, 
401; pyrene of, 3977-98"; chem! 


cations, 3997-401": maiufacenees 


394°-95°; standard o quality, 398%) . 


Natural gas, investigations on oc- 
currence and storage, 5*-6°; con- 
clusions regarding, 30°-32’; origin, 

307; accumulation, 30°. 

Natural gas in western New York, 
by I. P. Bishop, 9-63. 

Natural pozzuolanas, 376°. 

New Baltimore, geologic formations, 
265°, 2743. 

New Oregon, gas well, 26°. 

New Salem, geologic formations, 
3347-38"; paleontology, 339-42. 

Newberry, J. S., Paleozoic fishes 
of North America referred to, 
319°-20'; on Chemung teeth, 321’7- 
222, : 

‘Newberry, 8.B., on portland cement, 
4045-67, 408%. 

Newberry, W. B., 
cement, 4067. 

Newburgh, limestone quarries, 451°. 

Newcomb, geology, 550*-517. 

Newland, D. H., analyses made by, 
357". : 

Newland, D. H. and Kemp, J. F., 
Preliminary report on geology of 

’ Precambrian crystalline rocks 
of Washington, Warren and east 
ern Hamilton counties, 505-53. 

Newport, limestone quarries, 489%. 

Niagara county, gas production, 29'- 
30°; limestone formations, 444°- 
45’. 

‘Niagara Falls, limestone quarries, 

_ 445°. 

Niagara limestone, analysis, 445°; 
easily quarried, 447°; gas produc- 
none 2One27%, ol* 431: 

geographic distribution: 363*-64°; 
in Monroe county, 441°; in Niag- 
ara county, 4447-457; in Onondaga 
county, 446°, 4477; in Ulster county, 
455°, 459°, 

North Bloomfield, connected with 
West Bloomfield gas wells, 15°, 

North Collins, gas wells, 267, 


on portland 
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Ogdensburg, limestone quarry, 453°. 

Olean, oil and gas wells, 34’, 42°, 577, 
58°-60?. 

Oneida county, 
tions, 445°-467. 

Oneonta, geologic formations, 68'- 
86°. 

Oneonta group, use of name, 74'-75°. 

Oniskethau creek, geologic forma- 
tions, 342'-49°; paleontology, 349°- 
54. 

Onondaga county, limestone forma- 
tions, 4467-50°. 

Onondaga limestone, use of term, 
366‘; analysis, 436'; 449’; 

geographic distribution: 366°*- 
671; in Albany county, 352°-53%, 
4297; in Clarksville, 352°-53*; in 
Hrie county, 4384°-35°, 485°-36%; in 
Ulster county, 455", 4567. See also 
Corniferous limestone; Upper 
Helderberg limestone. 

Onoville, gas wells, 42". 

Ontario county, gas wells, 14°-20". 

Ontario improvement and gas com- 
pany, 15°. 

Orange county, geologic formations, 
3042-112; limestone formations, 
449°, 450, 450’. 

Oriskany sandstone, in New Salem, 
8417-42°. : 

Orton, Edward, report on petroleum 
and natural gas, 6*; examination 
of fossiferous rocks in Franklin, 
ARS 

Otego, geologic formations, 86*-91°. 

Otsego county, Devonian system, 
807. 


limestone forma- 


Paterson, limestone quarry, 452’. 

Penhallow, D. P., on blue shales of 
Schoharie valley, 210°. 

Pentamerus limestone, 364*; geo- 
graphic distribution, 368°-69°; in 
Albany county, 339°, 349°-50°, 429°- 
30°; in Clarksville, 349*-50*; in 


Prosser, 


New Salem, 339°; in Ulster county, 
4558, 457°. | 

Petroleum and natural gas in 
western New York, by I. P. 
Bishop, 9-63. 

Pleasantville, 
462°, 465°-663. 

Portage sandstones, gas production, 
314, 

Portland cement, 403'-24*; analysis 
of materials, 413?-15*; burning, 
-417°-24": composition, 405'-10°, 412°. 
17°; specific 410°-11°; 
‘structure and color, 411°; tests, 
411°-128, 425°. 


limestone quarries, 


gravity, 


_ Portville, oil and gas wells, 60*-61°. 


Prospect, limestone quarries, +~45°- 
* 46%, 


_ Prosser, C.S., Classification and dis- 


tribution of Hamilton and Che- 
mung series of central and east- 
ern New York, 6°, 65-327; dis- 
covery of Bothriolepis minor in 
Catskill formation, 324°; impres- 
sions of Chemung teeth, 322°; list 
of fossils of Kaaterskill falls, 281*; 
collection of fossil fishes from 
Delaware county, 317*; on fos- 
siliferous rocks at Oneonta, 80", 
81°; on Batavia gas well, 21°-22'; 
date of first gas well in western 
New York, 14°; on Gasport gas 
well, 29"; discovery of scale in 
Ithaca beds, 3217; referred to, 25°, 
AT be : 
C. S. and Rowe, R. B., 
Stratigraphic geology of eastern 
Helderbergs, 77, 329-54. 
Pumpelly, Raphael, on erystalline 
limestones of Adirondacks, 5315. 
Putnam county, limestone forma- 
tions, 451°-52*. 
Putnam township, topography, 511°- 
127; geology, 5127-145, 
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- Redgrave, —, on portland cement, 


Quartzose sandstone, gas roduc: 
tion, ray be 


Randolph, gas wells, 38%. = 

Raquette lake, limestone belt, 480 
977. 

Red House township, oil an eas : 
production, 42%-45%, 46%, peat 


407°, 408°. 
Rensselaer county, 


limestone oe os 
mations, 452+. , 


3 nee 

Rensselaerville, geologic formations, oh i as 
2514-59*. 2% 

Rice Brook oil and gas ‘field, 431, Fe ‘ 


508-52’. : me 
Richardson, —, on use of lime as a 
mortar, 3864, 387s. BSF: Ona 
cements, 394°, 395°, 3967, 400*-1', R22 
410°, 412°; classification of natural — 
cement, 3997-401°. 
Ries, Henrich, -Limestones of New 
York and their economic value, — 
_ 73, 855-467. oe 
Rochester, connected with West _ 
Bloomfield gas well, 14°; gas wells, € 
QS. va 1 
Rock Glen, gas wells, 24°. . 
Rockland county, limestone forma- 
tions, 449°, 4507-515. 
Roman cement, 391°-92'. . 
Rondout, limestone quarries, 456° 
57°; Salina waterline beds, 458°. | 
Rosendale, hydraulic limestones, — 
3644, 392°; production of cement, 
392°, 393%, 459°; Salina waterlime 
beds, 458°. ee 
Rowe, R. B. and Prosser, C. 8, — 
Stratigraphic geology of eastern 
Helderbergs, 7, 329-54. 
Roxbury, geologic formations, 184°. 
38%. sae 


St Lawrence county, limestone for- 
mations, 453°- 55S. ae 
Salamanca township, gas wells, 39 a 


INDEX 


Salina waterlime, geographic dis- 
tribution, 369°-70?; in Ulster 
county, 458'-59°. 

Sandyhill, limestone quarries, 459°- 
-53*, 

Saratoga county, limestone formia- 
tions, 452°-53*. 

Sarle, C. J., collection of fossil 
sponges, 7*. 

Schoharie grit, in Clarksville, 352%. 

Schoharie valley section, geologic 

_ formations, 163*-239°, 

Schuyler county, gas wells, 137-14". 

~ Seutella limestone, see Becraft lime- 
stone. 

Seneca county, gas wells, 125-13". 

Seneca Falls, gas wells, 12°-13". 

Shaly limestone, in New Salem, 

8397-408; in Clarksville, 350*-51°. 

Sherwood, Andrew, measurement of 
rocks along Schoharie river, 165’; 
measurements of Catskill forma- 
tion, 282°, 284°; shales of Kaaters- 

_ kill creek, 2823-83°. 

_ Sidney, geologic formations, 1067-12". 

Sing Sing, limestone quarries, 462°. 

Skaneateles, limestone quarry, 447°. 

Slaked lime, uses, 3775, 3861. 

Smiths Basin, limestone quarries, 
460*-617. 

Smith’s Mills, oil and gas wells, 36°. 

Smock, J. C., on Trenton limestone 
in Oneida county, 446'. 

Smyth, C.H. jr, Crystalline rocks of 

‘the western Adirondack regions, 
T, 469-97. 

South Dover, limestone quarries, 
433°. 
South Valley township, gas wells, 

428, 

Split rock quarry, 447°, 449”. 
Stevenson, J. J., address referred 

~ to, 3157, 

Stonycreek, geology, 544°-45°. 


be 


563 


Stratigraphic geology of eastern 


Helderbergs, by C. S. Prosser and 


R. B. Rowe, 329-54. 

Sugar manufacture, 381°-84+, 

Sulfite pulp, limestone used in pro- 
duction, 374°-75°. 

Sullivan county, 
tions, 304°-11°. 

Summit, geologic formations, 151’- 
59°. 

Susquehanna valley, Chemung for- 
mations, 677-105". 


geologic forma. 


Tentaculite limestone, 364*, 369°; 
analysis, 438°; in Albany county, 
3397, 349°; in Clarksville, 349°; in 
Herkimer county, 438°; in New 
Salem, 3397; in Ulster county, 455°, 
457°-581. 

Tetmajer, —, 
cement, 4171. 

Thurman, geology, 543°-44’. 

Tompkins county, gas production, 
12%) 

Tompkins cove, limestone quarries, 
4508. ee 

Towner’s, limestone quarries, 
D2, 

Trenton Jimestone, 
ADO. AAO AAO AAS 24 aoe 
453°-547, 459°-60°, 462°, 463%, 464%, 
4657, 466'; gas production, 12”, O77, 
ice va tara fl AS 7 

geographic distribution: 3597- 
62°; in Clinton county, 432°; in 
Hssex county, 436°; in Herkimer 
county, 43887-39*; in Lewis county, 
439°-417; in Montgomery county, 
4498-439; in Oneida county, 445°%- 
46°; in St Lawrence county, 453°- 
542: in Saratoga county, 452°, 453°; 
in Warren county, 459°; in Wash- 
ington county, 4617-62*; in West- 
chester county, 462°. 
ee limestone quarries, 462°, 


on manufacture of 


451°- 


analysis, 4389?, 


‘564 


Ulster county, geologic formations, 
288°-304°; limestone formations, 
4557-59". 

’ Unadilla, geologic formations, 
94, 3 

Upper Devonian fish fauna of Dela- 
ware county, by C. R. ee 
317-27. 

Upper Helderberg limestone, in On- 
ondaga county, 448%. See also Cor- 
niferous limestone; Onondaga 
limestone. 

Upper Pentamerus limestone, 
Becraft limestone. 

Upper shaly limestone, 
Ulster county, 455’, 456°. 


91°- 


SéE 


364*; in 


Van Hise, C. R., on geologic for- 
mation of Adirondack region, 471°, 
472°; on crystalline limestones of 
Adirondacks, 581°. oe 

Vanuxem, Lardner, reference to 
Ithaca group, 74°-75°, 80'; dis- 
covery of fossils at Mt Upton, 
213'; discovery of fossils in North 
Blenbeim, 1977; on Oneonta sand- 
stone, 72?-79*; proposed name 
Sherburne flagstone, 312°. 

Vincent, gas wells, 20°. 


Walcott, C. D., on Calciferous lime- 
stone near Saratoga, 359*; on 
crystalline limestones of Adiron- 
dacks, 531°; on graphite mine at 
Hague, 540°; on paleozoics, 511’, 
526°; on Precambrian quartzite, 
5087; referred to, 519. 

Wappinger limestone, 
county, 455°. 

Warren county, 
tions, 459°-60°; 
505-53. 

Washington county, limestone for- 
mations, 460°-62'; crystalline rocks, 
505-53. 


in Ulster 


limestone forma: 
erystalline rocks, 
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Water limestones, see Hydraulic 


limestones. ie 
Waterlime, 364*; gas production, — 
315, 31°. See also Salina water- 


lime. 
Watkins, gas wells, 137-14°. 
Way, J. M., examination of fossilif-_ 
erous rocks in Franklin, 117°. 
Wayne county, gas production, 27°- 
283. \ 


Weedsport, boring for gas wells, 117. ‘i e 3 


Weeks,.J. D., on glass manufacture, 
385°. ; \s 

West Bloomfield, gas wells, “142-208, 

West Oneonta, 
857-868, 

West Valley, oil and gas ‘all By fa 

Westchester county, limestone for- 
mations, 462+-67°. 

Westerlo, geologic formations, 259°- 
64°. 

Whiteaves, —, quoted, 1497-507. 

Whitehall, topography, 520°; geol- 
ogy, 5221-291. 

Whiteport, limestone quarries, 456°. 

Williams, H. S., on rocks of Adiron- 
dacks, 4728; on use of term. Cats- 
kill, 290*; discovery of fish-re- 
mains in Chemung formation, 


3228-231. on Hamilton fauna, 95- _ 


96'; on Holoptychius in Chemung 
sandstone, 321'; on parece of 
rocks, 79. 

Williams, S. G., paper referred to, rs 
365°. 

Willsboro, limestone quarries, 4877. 

Wolcott, gas wells, 277-28%. 

Worcester, geologic formations, 
141°-50°, 

Wright, G. F., on an old channel of 
the Hudson, 510+, 529°, 

Wyoming county, gas wells, 287-257, 


Zoar, oil and gas production, 31’, 
367, 


geologic or : 
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